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PREFACE 



This work in the important Held of explosives is due to the plans 
of several experts to issue a large, comprehensive handbook of the 
entire technique of explosives. Difficulties encountered at the time 
did not allow this to be carried out, so that the author, to whom the 
preparation of the section on nitroglycerine and dynamite was en- 
trusted, decided to issue his work as a special volume. This on one 
hand may explain the breadth of the treatment in including all 
matter worth while on the subject, and on the other hand, a certain 
limitation of material. For example, the theory of explosives in 
general is assumed to be known. A discussion of it seems unneces- 
sary, particularly on account of the recent (1921) appearance of the 
classical work on explosives and detonators by Kast. It is also 
assumed that the ordinary methods of determining the value of 
explosives and blasting materials is known. 

On the other hand, the technical side of the manufacture of 
nitroglycerine, with particular reference to recent advances and 
improvements, is treated at great length, as well as a careful charac- 
terization of nitroglycerine with critical consideration of previous 
publications, references to recent research and to experimental work 
by the author. 

A special chapter is devoted to the nitric esters homologous 
with and related to nitroglycerine, wherein both the representatives 
of this group of theoretical interest as well M those explosive oils 
of commercial importance or in practical use or in the realm of 
possible commercial development receive their share of attention. 

In Part III, dealing with the various nitroglycerine explosives, 
the author has not taken the trouble to give a complete picture of all 
existing mixtures and all proposals in the patent literature. The 
emphasis is rather placed upon the exposition of the present state of 
the art. 

With an experience of twenty years and innumerable personal 
tests the author dares to hope that he lias made a welcome con- 
tribution to the knowledge of an important branch of the art, which 
may be of use to all who manufacture, test or use explosives. 

Phokion Naoum. 

SchUbusch-M annfort 
October, 1033 
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Introduction 

Nitroglycerine, or Nobel's blasting oil, is really the trinitric ester 
of the trivaknt alcohol, glycerine. Although the designation of 
nitroglycerine is incorrect, because the compound contains no nitro 
groups and therefore has no bond between the carbon and the 
nitrogen, it has been adopted and is the usual term, perhaps for the 
sake of brevity, until today it is retained in the art. 

Nitroglycerine is formed by the combination of one molecule of 
glycerine with three molecules of nitric acid, splitting ofT three mole- 
cules of water, according to the following equation: 

CflaOH CH.ONO, 

(CMM CIIOH + 3HNO. - 3H.0 + CI10N0, (OHiNA) 

CHiOH CH,ONO, 

Under special conditions, such M when using certain acid concentra- 
tions, the glycerine may form the mono- and dicsters, usually called 
mononitroglyeerine and dinitroglycerine, which are always formed in 
small quantities of the manufacture of nitroglycerine. Each of these 
esters exists in two isomers, namely a- and 0-glycerine mononitrate, 
and a, a- and a, 0-glycerine dinitrate. While nitroglycerine is tho 
basis of dynamite, and as such is the most important explosive in tho 
art, mononitroglycerinp is not an explosive, and dinitroglycerine, 
although a powerful explosive, has only been of temporary impor- 
tance, and today is not manufactured. 

DISCOVERY AND HISTORICAL REVIEW 1 

Nitroglycerine was discovered in the early part of 1847 by Ascanio 
Sobrero (born 1812, died 1888), a pupil of the famous Pelouze, in 
Turin. He called it pyroglycerine, and described it before the 
Academy of Sciences in Turin in February 1847. The first printed 

■ Sc*> Guttinann, Die Industrie der Exploeivstoffe p. 17. Eacaleo, Nitro- 
•%UrtM undDynamit, p.l. 

1 
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reference is found in L'Institut, xv, 53, February 15, 1847. The sec- 
tion regarding the manufacture of nitroglycerine reads as follows: 

M. Ascagne Sobrero, Professor of Industrial Chemistry at Turin, states 
in a letter communicated by M. Petouw, that some time previously he had 
succeeded in producing explosive substances hy the action of nitric acid on 
various organic substances, notably cane sugar, mannite, dextrine, milk 
sugar, etc. 

M Sobrero has also studied the action of nitric acid on glycerine. Experi- 
ence has proved lo him that a mixture of nitric acid and sulphuric acid is 
rapahle of giving a substance analogous to gun cotton. When a mixture of 
2 vol. of 66" sulphuric acid and 1 vol. of 43° nitric acid is poured into syrupy 
glycerine, the reaction is very vigorous but it is one of oxidation. If the mix- 
ture of the two acids is kept in a refrigerating mixture and the glycerine added 
to it with stirring to hinder the elevation of the temperature, the glycerine 
dissolves without apparent action; if then the mixture is poured into water 
an oily material heavier than water is precipitated and collects at the bottom 
of the vessel. This can I* washed with a large amount of water to rid it 
completely from the acids without loss since it is insoluble in this liquid. 

Following this, the solubility of the oil in ether and alcohol, and its 
ease of precipitation from an alcoholic solution by water was men- 
tioned, the color being given as yellow like olive oil. 1 It was said to 
have no odor, but a burning, aromatic taste. The readiness with 
which small quantities caused headache, the violent toxic properties, 
and its ability to detonate when heated were discovered.' 

About 200 grams of the first nitroglycerine made by Sobrero is 
said to be still preserved in the Avigliana Nobel Dynamite Plant near 
Turin, where there is also a statue of the discoverer. This sample 
is tested annually. Although the explosive properties of this com- 
pound showed its value to the art, at that time the difficulties and 
danger in manufacture and use as an explosive appeared so great 
that the art took no notice of it and forgot it. It was used to a certain 
extent as a medicine in very dilute alcoholic solution under the name 
of glonoin. 

It remained for the far-seeing spirit of discovery, the untiring 
energy and persistent activity shrinking from no difficulties and 
dangers, of the genial Swedish engineer, Alfred Nobel, almost 
twenty years after the discovery by Sobrero, to introduce nitro- 

■ Chemically pure nitroglycerine is colorless and as clear as water. 

■ AnnaUn der Chemic und Pharmazie, 1848, vol. 64, p. 398, edited by Wohler 
and Liebig, refers to the above article. 
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glycerine into the art with great success and to lay the foundation for 
its unexpected development. The story of nitroglycerine and dyna- 
mite made from it is closely connected with the tireless activity of 
Nobel. Overcoming great obstacles, he succeeded in perfecting the 
manufacture and use of the compound on a commercial scale, and in 
banishing as far as possible the dangers connected with both. 

The conversion of the inconvenient and rather dangerous liquid 
nitroglycerine, which is difficult to handle, into a solid, cither by 
absorption in porous materials like kieselguhr to form guhr dynamite 
or simply dynamite, or by formation of a colloid with nitrocellulose 
to form gelatine dynamite and blasting gelatine, as well as the certain 
and reliable detonation by adapting mercury fulminate percussion 
caps for use as detonating caps, were developments which even up to 
the present time have retained their importance, and arc the results 
of the research activity of this man. 

Alfred Nobel* was born on October 21, 1833, in Stockholm, as the 
third son of a Swedish ship builder, Emanuel Nobel. His father, 
who among other things was engaged on the construction of land and 
submarine mines, was of an investigative turn of mind, particularly 
in the field of explosives. From 1859 on father and son busied 
themselves mainly with the study of explosives, and turned their 
attention particularly to the nitroglycerine discovered by Sobrero, 
the astounding properties and bright future of which, they well 
recognised. After Alfred Nobel had stirred up interest in his plans 
and had found the necessary means he erected at Heleneborg, near 
Stockholm, a small plant where nitroglycerine was made on a larger 
scale for the first time in 1862. 

As a rule a pre-cooled mixture of strong sulphuric acid of a specific 
gravity of 1.83, and nitric acid of a specific gravity of 1 .3, was used for 
nitrating, the glycerine being allowed to run into this. When using a 
stronger nitric acid, specific gravity 1.52, Nobel preferred to add the 
nitric acid in successive small portions in order to distribute the very 
appreciable heat of reaction, since at that time there was no com- 
mercial way of removing the heat because he nitrated in open jugs, 
and after each addition of glycerine the mixture was allowed to 
cooL* The method given by Nobel for the preparation of concen- 

' For bis family history and life see Eecales, Nitroglycerin und Dynamit, 
p. 48. 

' Bavarian patent, September 1, 1866. 
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tratcd mixed acids by dissolving saltpeter in sulphuric acid and 
separating the acid sulphate was little used because of its inconven- 
ience. Nitroglycerine then and for a long time thereafter was ob- 
tained by pouring the mixture after nitration into cold water, where- 
upon the heavy oil sank to the bottom while the acids were highly 
diluted and lost, in contrast to later improvements in the process, 
which gave a direct separation and recovery of the concentrated acids. 

In the two years following Nobel's efforts were mainly directed 
toward the introduction of his explosive into blasting practice, and 
mainly to the most suitable manner of using the liquid nitroglycerine 
and means of reliably exploding it, and when things were beginning 
to look bright the young manufacturer met with a severe reverse in 
that his small plant at Ileleneborg was completely destroyed by an 
explosion on September 3, 1864. This cost the life of Nobel's young- 
est brother, Oscar Emil, and the chemist Carl Krik Hertzmann, 
while his father, Emmanuel Nobel, was severely injured and suffered 
an apoplectic stroke from which he never recovered, dying in 1872. 
This accident, which made a deep impression upon the public, and 
which caused the government to forbid the manufacture of nitro- 
glycerine in the vicinity of dwellings, did not discourage Alfred 
Nobel. In spite of all his misfortunes he held firm to his conviction 
that it would be possible by proper apparatus to overcome the innate 
dangers of the newest branch of the industry, and to place nitro- 
glycerine, with its great advantages, in a proper place in the art. 
He rented a boat, anchored it in the Malarsee, and continued with his 
experiments remote from dwellings. He soon found financial sup- 
port in Hamburg, where "Alfred Nobel A Co," the predecessor of 
the present great German explosive concern called the "Dynamit- 
Acticn-Gesellschaft vormals Alfred Nobel 4-Co.," was founded. At 
the same time he built near Hamburg the first nitroglycerine and 
dynamite factory on the Continent, which supplied Nobel explosives 
to all countries in the world. At about the same time a factory was 
built at Vintervickcn, near Stockholm, and then the use of nitro- 
glycerine as an explosive spread through Germany and Sweden and 
export to other countries began. 

The prospectus issued by Alfred Nobel & Co., Hamburg, in 
February, 1S66, regarding the advantage of "blasting oil," is of 
great historical interest in the evolution of the art of blasting because 
it clearly set forth the great advantages over black powder, which for 
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centuries had been the only explosive, and its statements proved to 
have been absolutely correct and not exaggerated. All the ad- 
vantages of the new explosive were even then properly recognized, 
in spite of the very primitive methods of use as compared to those of 
the present day, as well as certain defects in use which could not be 
eliminated all at once. The main points of that prospectus may 
therefore be given here, from the statements of locales in his Nitro- 
glymne und Dynamit, page 18-20: 



The following arc the main h<1 vantages of "Masting oil:" 
L A large saving in drilling labor. The high specific gravity, the 
complete combustion and tho extraordinary speed of the. explosion of the 
patented "blasting oil" make* it the moat powerful of all known explosives. 
The labor of drilling in all blasting is much more expensive than Hie explosivo, 
consequently a saving in labor is more important t han a saving in the exploaivo. 

2. The poMibility of completing the blasting in a shorter time, 

3. The property of the "blasting oil" of not leaving any residue on 
explosion. 

4. The high velocity of explosion, which is so high t hai the explosive action 
ts not diminished by the presence of fissures in the rock, from which it is evi- 
dent that merely loose sand or even water is sufficient tamping for "Masting 
oil." Since black powder burns much more slowly it is evident and has also 
been proved in practice that a borehole in fissured rock is much more effective 
with "blasting oil" than twenty to thirty boreholes loaded with black powder. 
For the same reason the patented "blasting oil" can also !# used for blasting 
loose limestone, boulders, chalk, clay, wood, etc., where Mack powder us almost 



5. The aafoty in transportation and storage. The great danger with 
ordinary black powder of exploding from spark*, fa not a factor with "blatfling 
oil," but on the otter band it must U carefully protected from heat or violent 
shocks in a confined space. 

6- The fact that borehole*? can ho loaded without any tamping, properly 
speaking. Since tamping of the borehole* need bo only with loose sand or 
water, danger during loading is avoided, as well as time and money saved. 

7. The saving in sharpening and tempering the drills. Since fewer bore- 
holes are required with "blasting oil" than with black powder t here will be a 
proportional saving in the cost of sharpening and tempering drills. When 
blasting in particularly tough rock this is a mat tcr of no little importance. 

8. The saving in fuse. The consumption of safely fuse is reduced in the 
same proportions, since fewer boreholes need be loaded with the "blasting oil" 
than with black powder. 

9. Ease of loading wet holes. Since "Masting oil" is insoluble in water 
and hec*use of its high specific gravity sinks rapidly to the bottom, wet holes 
f** be loaded without "claying" or cartridging. merely by pouring the" blast- 
ing oil" into the borehole, whereas when using black powder "claying" is 
difficult and expensive. 



6 



NITROGLYCERINE AND NITROGL VCEH1NE EXPLOSIVES 



10. The simple way in which submarine blasting rati lie done with it. 

11. The possibility of blasting pieces of metal, etc. With '* Masting oil" 
pieces of metal of all kinds, such as steel blocks, iron, old cannon, etc., of any 
sue, can he broken up by using comparatively small boreholes and at low 
coat, which is impossible with black powder. 

There then follow instructions and precautions for the use of 
"blasting oil." 

The main difficulty was encountered in detonating nitroglycerine, 
since in contrast to black powder a direct spark or flame contact 
only caused it to burn slowly without detonating. Nobel therefore 
first used it as an addition to black powder and gun cotton, in order 
to raise the strength of the latter,' exploding the black powder 
saturated with nitroglycerine by surrounding it with or superim- 
posing upon it charges of black powder, or else he poured the "blast- 
ing oil" directly into the borehole and exploded it by cartridges of 
powder placed above it, or by patented detonators filled with 
powder. In horizontal or upwardly inclined boreholes he first 
loaded the nitroglycerine into sheet metal cylinders. 

The devices he used in his attempts to make the use of nitro- 
glycerine safe and convenient were various. The final result was 
only obtained by constructing a mercury fulminate percussion cap 
as a blasting cap, which involved the discovery of initiation, i.e., the 
production of detonation of an explosive not detonated by a flame by 
the wave of detonation of an explosive which does detonate by direct 
contact with a (lame, which condition was at that time fulfilled by 
pure mercury fulminate, although by an appreciably larger quantity 
than when intended only for percussion caps for propellants. 

While Nol>el mentioned percussion caps in his 1864 patents and his 
patented detonators used black powder with mercury fulminate or 
finally mercury fulminate alone, the description of the mercury 
fulminate detonator is first found in his British patent 1345 of 
May 7, 1867, or Swedish patent of September 13, 1867. 

Rudberg 7 attempted to detonate nitroglycerine by means different 
from Xobel, namely by a sufficiently strong external shock, but 
naturally could not complete with the unfailing certainty of the 
Nobel initiation. 



« Swedish patent, October 14, 1S63; British patent, 2350, September 24, 
'Swedish patent. May 31,18*5. 
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The knowledge that with the help of mercury fulminate as an 
initiator the detonation of nitroglycerine, gun cotton and manv 
other compounds and mixtures whose internal combustion was 
accompanied by evolution of gases, could lie readily initiated, first 
rendered the use of brisant explosives possible and disclosed the 
explosive nature of such compounds and mixtures. 

This discovery was therefore a milestone in the development of 
the whole art. 

The liquid form in which "blasting oil" was used in the first few 
years involved several dangers and disadvantages, aside from the very 
inconvenient form, and soon led to accidents in transportation and 
use. leakage from the cans used to carry it and store it was a source 
of danger, on account of the sensitiveness of the oil to shock. Nitro- 
glycerine which had run into fissures in the rock and failed to detonate 
caused explosions when picking out the broken rock. 

At first Nobel tried to get around these dangers by dissolving the 
"blasting oil" in methanol so as to reduce the ease of detonation. 
At the point of consumption the nitroglycerine was separated out. by 
shaking the solution with an excess of water and drawing it off. 
Mowbray in Massachusetts, made nitroglycerine at about the same 
time as Nobel, and carried it in a frozen condition in sheet metal cans 
to the mine, where it was presumably thawed in warm water. Ho 
had recognized the reduced sensitiveness of the frozen oil and utilized 
its tendency to freeze to reduce the danger in transportation. Ac- 
cording to Guttmann it was used for several years in this way in the 
construction of the Hoosac Tunnel in America. This rather incon- 
venient manipulation of the oil at the point of consumption, as 
well as the danger from the flammability of the solution, rendered 
these methods unsatisfactory, and Nobel then considered the ques- 
tion of giving t he oil a more convenient and safe form. Chance led to 
the important discovery of the absorbency of infusorial earth. The 
sheet metal cans were packed in kieselguhr in order to protect them 
from shock and damage during transportation. The kieselguhr was 
obtained near the Kriimmcl factory, Hanover. When unpacking 
one of the cans it was found that one had apparently lost a portion 
°f its oil, and in this way Xobel discovered the pronounced absorbency 
of kieselguhr for nitroglycerine, which was due to the capillary action 
of the minute diatomaccous particles of the kieselguhr. It was found 
"*t. 25 parts of kieselguhr would convert 75 parts of the oil into a 
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cheesy, plastic mass, hardly showing any exudation. This new 
mixture, which was more insensitive to shock than pure nitroglycer- 
ine, Nobel called dynamite, later guhr dynamite, to distinguish it 
from other mixtures. 8 This new form allowed the explosive to be 
packed into cartridges, which by exerting a gentle pressure on them 
would expand against the walls of the borehole, and were so safe to 
handle and use that they were quickly adopted. Up to the middle 
of 1868 50,000 kg. of this new explosive had been sold. In an 
address Nobel gave the following statistics on the quantity of dy- 
namite sold between 1867 and 1874, namely, 11, 78, 185, 424, 785, 
i:t, r >O r 20.50 and 3120 metric tons. 

The discovery of initiation and absorption of the explosive oil by 
kicsclguhr to an astonishing degree smoothed the way for the new 
industry, so that Nobel could turn his energy toward forming every- 
where companies and factories to use his patent*. The next few 
years saw the following factories started: in Norway in 1866, Cali- 
fornia, and Zamky, Prague, in 1868; Ilango, Finland in 1870; Ardecr, 
near CSlasgow, Scotland, and Paulilles, V ranee, in 1871; Schlchusch, 
near K6ln ( and Galdaoano near Bilbao, Spain, in 1872, New York, 
Isleton, Switzerland, Avigliana near Turin, Trafalda near Lisbon, 
and Prcssburg, Hungary, in 1873. 

In spite of the difficulties which had been overcome, the introduc- 
tion of dynamite was no easy task. It was largely a matter of over- 
coining the resistance of the miners, who with their conservatism 
fought against the use of the new explosive after they had used only 
black powder for centuries, lTopaganda was also spread in favor 
of gun cotton. 

Why he clung so closely to nitroglycerine was explained by Nobel 
in an address before the Society of Arts on May 21, 1875. He 
claimed that t he concentration of power, velocity of explosion and 
safety are the three points upon which the success or failure of an 
explosive depend. Nitroglycerine, with its high density of 1.6, 
far exceeds gun cotton in energy density. It contains all the oxygen 
necessary for complete combustion of the carbon and hydrogen and 
even a slight excess of oxygen, while gun cotton has a considerable 
oxygen deficiency, causing the formation of carbon monoxide on 
explosion. 

■British patent 1945, May 7, 1S67; Swedish patent, September 9, 1867; 
Bavarian patent, January 14, 1868. 
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Guhr dynamite still showed two defects. The nitroglycerine was 
readily displaced from it by water, so that cartridges had to be fired 
before becoming wet, and in wet boreholes there was the danger of 
nitroglycerine penetrating into fissures in the rock. For this reason 
the ordinary paper wrappers were unsuitable for blasting under water. 
Furthermore it contained 25 per cent of inert material which was not 
converted into gases but which on explosion absorbed energy by 
breaking down into dust and absorbing heat. This is one of the 
main reasons why the brisanee test in the Trauzl block with 10 grams 
of guhr dynamite does not give about 75 per cent of the expansion 
given by 10 grams of liquid nitroglycerine, but only considerably less. 
Ten grams of nitroglycerine give about 580 cc, 75 per cent of which 
is 435 cc., while 10 grams of guhr dynamite give only about 325 cc 
Many attempts were then made to replace the guhr by combustible 
absorbents, or by those which would be converted into gases, i.e., to 
replace the inactive by an active base. Among those considered 
were charcoal impregnated with saltpeter to improve its burning, 
wood meal, nitrated wood meal, additions of saltpeter or chlorates, 
and pulped gun cotton. While in some countries such as the United 
States, Austria and France, dynamites with an active base endured 
for a long time, and in America for example explosives composed of 
liquid nitroglycerine and absorbents are made even now, those with 
a high nitroglycerine content suffered from the disadvantage of not 
retaining the oil firmly enough, and were soon superseded on account 
of a new, epoch-making discovery of Nobel. 

Chance, a small wound, is said to have drawn his attention to 
collodion solutions, i.c., solutions of low-nitrogen nitrocellulose in 
ether-alcohol. By allowing a mixture of nitroglycerine and this 
solution to evaporate he obtained a gummy, elastic mass, which he 
also obtained by mixing directly 7 to 8 parts of collodion nitrocotton 
with 93 to 92 parts of nitroglycerine. The collodion nitrocotton 
nrst dissolves to a thick liquid, which on warming up to GO to 70°C. 
? MU * n to tw *nty minutes or at ordinary temperatures in a few 
nours, forms a solid colloid, a tough, plastic, elastic, transparent 
gelatin of a light-brown color, the so-called blasting gelatine, which 
combines all the ideal properties of a highly brisant explosive, namely 
nversic-n into the gases carbon dioxide, nitrogen and water vapor, 
oout leaving a residue, of high density and absolute insensitiveness 
mo *ture, tbus rendering it suitable for blasting under water. 
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The excess of oxygen of the nitroglycerine just about suffices to 
equalize the oxygen deficiency of the nitrocellulose. 

Here we have an explosive of the very highest energy content and 
greatest energy concentration, which was called into service in 
blasting the very hardest rock with satisfaction, namely in the con- 
struction of the Gotthard tunnels, and which forms the basis of the 
gelatinous explosives, which rapidly came into use to the widest 
extent because of their characteristic properties, high density, 
insensitiveness to moisture, and high effectiveness as compared to 
the old guhr dynamite, which they far surpassed. 

By reducing the quantity of collodion nitrocotton there is obtained 
a thinner, softer gelatine, which is not sufficiently firm to be used as 
an explosive by itself, but which can be incorporated readily with 
wood me til and saltpeter to form a plastic mass, and which is then 
an active base dynamite firmly retain i ng the nitroglycerine and not 
even giving it up when water is added. Nobel called these mixtures 
gelatine dynamites. In certain respects gelatine dynamite repre- 
sents a weakened blasting gelatine. It is less hrisant and cheaper. 
The following composition is typical and is the most widely used: 
nitroglycerine 62.5 per cent, collodion nitrocotton 2.5 per cent, wood 
meal 8 per cent, sodium nitrate 27 per cent. 

This new discovery was patented by Nobel and his companies in 
all countries.' The German patent describes a process for the prep- 
aration of an explosive from nitroglycerine and soluble nitrocotton 
with the addition of means to increase or decrease the explosive 
effect. In this description he says: 

On cooling the gelatin there is obtained a semi-solid or wild gelatine, 
depending upon the nitrocotton content, called by the inventor "Masting 
gelatine," from which cartridges are prepared without ad.ling further mate- 
rials, or with the admixture of materials which 

a. i»artly reduce the explosivenesa of the preparation until it is safe against 
rifle shots, such as methyl alcohol, ethyl acetate, acetone, acetine, nitro- 
benzene, camphor, etc., 

b. partly assist the combustion of decomposition products of the explosion, 
namely oxygen carriers like sodium nitrate, potassium nitrate, etc., 

c. partly change the brisant effect of the explosive to one not go shattering, 
like black powder, etc. 

These cartridges considerably surpass the former ones consisting of nitro- 
glycerine powder, bolh in effectiveness and safety. 



• German patent 4829, February 2S, 1S78; British patent 4179, December 2, 
1875. 
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The patent claim reads : 

The process of converting nitroglycerine, or methyl- or ethyl nitrate into a 
solid form by gelatinizing with low-nitrogen nitrocotton and rendering the 
mass less dangerous by added substances. 

Attempts were made in Austria by Siersch, a chemist, and Captain 
Hess, to make blasting gelatine suitable for military purposes. By 
incorporating camphor it was possible to make blasting gelatine 
relatively safe to handle. 1 " Such a camphorated blasting gelatine 
was used for a long time by various armies. The Russian army even 
used it in the World War. However, nitroglycerine explosives as 
munitions achieved little importance on account of their relatively 
dangerous nature, particularly if struck by a bullet. 

At about the same time Nobel added ammonium nitrate to his 
nitroglycerine explosives, and on July 22, 1879, took out a Swedish 
patent for extra-d\*namite (ammon-gelatin-dynamit), which was a 
fortified gelatine dynamite of the following composition: nitro- 
glycerine 71 per cent, nitrocotton 4 per cent, charcoal 2 per cent, 
ammonium nitrate 23 per cent. In the same patent there was given 
a composition low in nitroglycerine, namely: nitroglycerine 25 per 
cent, nitrocotton 1 per cent, charcoal 12 per cent, ammonium nitrate 
62 percent, which referred to an explosive not gelatinous but crumbly- 
plastic, all of which makes it evident that Nobel clearly recognized 
the significance of ammonium nitrate in the explosive industry. The 
basic type of the later safety ammonium nitrate explosives had 
already been claimed by the two Swedes, Ohlssen and Xorrbin, 
who in 1867 patented under the name of ammoniakkrut a mixture 
of ammonium nitrate and charcoal or other carbonaceous material. 
Nobel, recognizing the future of the idea, bought the rights from his 
countrymen. 

The following diagrammatic scheme of the course of the develop- 
ment of nitroglycerine explosives up to this time is taken from 
Nitroglycerin und Dynamit by Escalcs: 

blasting oil 

Dynamite with an active base 
25-50 per cent blasting oil 
75-50 per cent mixed absorbents 



Guhr dynamite 
75 per cent blasting oil 
25 per cent kieselguhr 



" °«m*n patent 552S, July 2, 1878. 
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Blaating oil and collodion nitrocotton 




Blasting gelatine 
92 per cent blasting oil 
8 per Cent collodion nitrocotton 



Gelatine dynamite 
45-66 per cent gelatinized I 'last- 
ing oil 

55-35 per cent mixed absorbents 
such as nitrates of sodium, po- 
tassium or barium, wood meal 



Gelatiaiied blasting oil 
97 per cent blasting oil 
3 per cent collodion nitrocotton 




Ammonia gelatine dynamite 
Uxtures of gelatiniied blaating 
oil with ammonium nitrate 



Although, as previously mentioned, nitroglycerine played only a 
minor role as the basis of highly brisant explosives for military 
purposes, it attained an unsuspected importance in munitions as a 
result of the last great discovery of Nobel, namely smokeless nitro- 
glycerine powder, first called Ballistit, and which caused a complete 
revolution in propellunt powders. In the World War nitroglycerine 
was the moat indispensible component of munitions. By far the 
greater proportion of the world's production of glycerine was di- 
verted during the war to smokeless powder plants. Starting with 
blasting gelatine Nobel succeeded by increasing the nitrocotton 
content in producing a firm, horn-like colloid which no longer 
detonated by a blasting cap, but proved to be a very suitable, power- 
ful propellant, on account of its slow combustion. 

Long and fundamental research finally evolved Ballistit, a mix- 
ture of 40 per cent nitroglycerine and 60 per cent collodion nitro- 
cotton, the latter in part gun cotton, which was patented in 1888." 
About a year later Abel and Dewar, members of the Knglish Ex- 
plosives Commission, patented a smokeless powder made up of 
nitroglycerine and nitrocellulose by a similar process, which was 
used in the English army under the name of Cordite, and which con- 
tained still more nitroglycerine than Ballistit." 

These astounding discoveries for that period, namely that two of 
the most brisant and sensitive explosives, when brought into certain 
definite proportions and in a certain physical condition, give a propcl- 

" British patent 1491, January 3, 18S8; German patent 51471, July 3, 1889 
» British patent 5614, April 2, 1889; British patent 11664, July US, 1889. 
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lant no longer explosive, but slow burning, were Nobel's last efforts, 
and to a certain extent the conclusion of his work. The enormous 
application of these two inventions twenty-five years later in the 
World War, he the founder of the Peace Prize, hardly foresaw and 
certainly did not desire. After residing for eighteen yours in Paris 
he moved to San Remo in 1891, where he died on December 10, 
1896, busy to the last with research and new problems. The legacy, 
known all over the world, left by this man testifies to his high charac- 
ter not only as a skilful research worker and active manufacturer 
but one who advanced civilization. 

The composition of the principle types of brisant nitroglycerine 
explosives of Nobel has not been changed up to the present time. 
Their efficiencies and properties have not been surpasssed in almost 
a half century by any new discoveries, although for certain purposes 
they have had competition in the form of safety ammonium nitrate 
explosives and the less safe chlorate and perchlorate explosives, to 
which must be added in recent times the very effective mixture of 
liquid oxygen and carbonaceous materials. The limited adoption of 
the latter in Germany was the result of the blockade during the 
World War and the consequent scarcity of raw materials for the 
manufacture of explosives. 

Soon after Nobel's discoveries the clearly recognized requirements 
of coal tinning made a reduction in the brisant properties of dynamite, 
and a reduction in its temperature of explosion, velocity of detonation 
and pressure of explosion necessary. Attempts were made to 
produce explosives which on firing in coal or in adjacent rock would 
not ignite mixtures of fire-damp or coal dust and air, as was the case 
with even small charges of black powder and dynamite. This was 
called making them safe in fire-damp or coal dust. Government 
Mine Gas Commissions were appointed in France in 1877, in 
England and Belgium in 1879, and in Germany in 1880, investigated 
the conditions practically and theoretically, and set up standards for 
the safety in fire-damp of explosives which were based upon the 
results of their research. 

While it was found in the course of time that every type of explosive 
could be made safe in fire-damp and coal dust by the addition of 
certain and avoidance of other components, the nitroglycerine 
explosives were for a long time the most important as the basis of 
^ety explosives for niining purposes. However, the World War 
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taught us how to make even the chlorate and perchlorate explosives 
permissible. Nobel Extra Dynamit Type II, a mixture of 70 to 80 
per cent ammonium nitrate and 30 to 20 per cent gelatinized nitro- 
glycerine, was the first representative of this class. In France and 
Belgium & similar one called Grisoutine was used. 

The real pioneer work in this field was done in Germany by E. 
Mliller, General Director of the Rheinisch-Wwtfalische Spreng- 
stoff-A.-G., and G. Aufschlager, General Director of the Dynamit- 
A.-G. vorm. Alfred Nobel & Co., who made the oldest type of the 
German "Wetter-Dynamit" by adding to dynamite considerable 
amounts of salts containing water of crystallization, such as soda 
crystals, alum, magnesium sulphate, borates, phosphates, in order to 
cool the gases of explosion by evaporation of the water of crystalliza- 
tion and so reduce the temperature of explosion. 11 Further de- 
velopment of this new class of explosives was done by the Sprcng- 
stoff-A.-G. Carbonit, founded by C. K. Bichel, which also furnished 
Carbonites of the desired type in 1887. They contained 25 to 30 
per cent liquid nitroglycerine, 25 to 40 per cent meal and the rest 
potassium or sodium nitrate. Some time later plastic or gelatinous 
explosives of this type were made by gelatinizing the nitroglycerine 
with collodion nitrocotton. This produced the Gelatin-Carbonites, 
Nobelites and permissible gelatine dynamites with 25 to 40 per cent 
gelatinized nitroglycerine. Ammonium nitrate and common salt 
thereafter played an important part in the composition of these 
explosives. Fundamental research by Beyling, Chief of the Berg- 
gewerkschaftliche Vereuchsstrecke at Gelsenkirchen, led in 1908- 
1909 to a tightening of the requirements for pennissibility of ex- 
plosives and in connection therewith to a further reduction in 
brisance. Chapter 5 of Section 3 gives further details. A similar 
elaboration of the requirements soon appeared in Kngland. Even 
today gelatinous nitroglycerine explosives play an important part in 
coal mining and are in considerable demand. 

A certain popularity was enjoyed in the last decade by a special 
type, furnished by the Carbonitfabrik Schlebusch, which must be 
considered as both an ammonium nitrate and a nitroglycerine type, 
containing about 12 per cent nitroglycerine with a rather small 
addition of nitrocellulose (Gelatinc-Carbonit C. Neu-Xobelite). It 
differs from the true ammonium nitrate explosives in having a higher 

» British patent 12424, 1887; French patent 185809, 1887. 
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density and less safety in handling, and from the Nobelites in its 
non-gelatinous nature. 

After this description of the course of the development of dynamite 
and similar explosives, which always remained dangerous to handle 
with all their improvements and reductions in strength, as for ex- 
ample for coal mining explosives, and which could therefore only be 
shipped under certain conditions, the important part which nitro- 
glycerine has played for a long time when present in small quan- 
tities in safety ammonium nitrate explosive should not be forgotten. 
An addition of only 4 per cent of nitroglycerine has been adopted for 
the ammonium nitrate explosives, first for those used in rock and 
then for the permissible type. The first of these explosives was 
Donarit, brought out by the Carbonitfabrik, consisting of ammonium 
nitrate, trinitrotoluene, cereal meal and 4 per cent nitroglycerine, 
followed by Astralit of similar composition brought out by the 
Dynamitfabrik Schlebusch. The addition of nitroglycerine slightly 
raised the density of these powdery mixtures and improved the ease 
of detonation to a considerable extent, as well as the propagation 
and velocity of detonation. On the other hand, the small quantity of 
finely dispersed nitroglycerine did not affect unfavorably their safety 
in handling, so that such explosives were permitted on German rail- 
roads as ordinary freight without restriction. 

In concluding this historical review there might be mentioned 
briefly the efforts which have been made to avoid one of the main 
disadvantages of nitroglycerine and explosives made from it, namely 
the readiness with which it freezes. These efforts were innumerable 
and are as old as the use of nitroglycerine. The solution of the 
problem of rendering nitroglycerine non-freezing was only attained 
about the middle of the first decade of this century, and although this 
solution, contrary to the opinion of many, was perfect from a tech- 
nical point of view, at least for the winter climate of Europe, per- 
haps qualified to some extent for the Far North, it is worth noting that 
only relatively little use of this important practical development was 
made thereafter in Germany. The new compounds added raised 
the manufacturing cost of the product, and the producers were 
forced to raise the selling price slightly, whereupon many customers 
found that they preferred to thaw frozen dynamite in hot water 
thawing kettles, just as they had done before, instead of paying 
the small increase in price, in spite of the fact that previously they 



16 NTTROGEYCElilNH AND xNITBOCLYCERIYE EXPLOSIVES 



had repeatedly demanded non-freezing explosives. The reason for 
the small use of these non-freezing explosives was therefore com- 
mercial and not technical. The thawing seemed to the customer 
more advantageous, and the inconvenience, of which he had previ- 
ously made so much, was then considered unimportant. Thus the 
results of a practical improvement, the development of which had 
required inventive genius, ingenuity and much painstaking work, 
were wrecked by a small financial imperfection. In spite of this the 
problem which had engaged Nobel and subsequently many chemists 
is today solved, and there are available non-freezing dynamites which 
are in no way inferior to those containing the readily-freezing nitro- 
glycerine.'* 

Nitroglycerine freezes at +13°C. Its velocity of crystallization 
is indeed rather slow, particularly when in the form of a gelatinous 
explosive, but on long storage in cold weather all preparations con- 
taining nitroglycerine freeze to a mass as hard as stone, which thaws 
slowly, and which is unsuited for an explosive on account of it* 
firmness and insensitiveness. Although theoretical considerations 
and laboratory experiments show the low sensitiveness and difficulty 
of detonating the frozen as compared to the liquid nitroglycerine, 
accident statistics show the opposite. An Knglish compilation of 
accidents, for example, shows 87 per cent of all accidents with 
nitroglycerine explosives to have occurred in the cold part of the 
year. 1 * The main causes of this peculiarity may be due to the use of 
unsuitable methods of thawing and particularly to careless handling 
of frozen dynamite. It is possible that on thawing some of the 
liquid nitroglycerine escaped from the cartridges and increased the 
risk in handling them. 

The first attempt to reduce the freezing point of nitroglycerine was 
made by Rudberg, by adding other materials like benzene or nitro- 
benzene. 1 ' Later Nobel made similar attempts, and proposed the 
addition of methyl and ethyl nitrate, nitrobenzene or acetins. 17 
Others proposed to add ortho-nitrotohiene, amyl nitrate and isoamyl 

"Today non-freezing explosives are used mainly in the United State* 
Canada and Scamlanavia.— Translator. 

M Denker, UnfaltstatiBtik ton Sprengarbeiten. InternationaJer Kongress, 
1903, Sektion 3b, Vortrag. 

" Swedish patent, April 30, 1866. 

" Swedish patent, July 8, 1876. 
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nitrate. While methyl and ethyl nitrates were suitable from a 
chemical point of view, their volatility hindered their use. The 
other compounds proposed were not effective in small quantities. 
When added in large quantities, so as to appreciably reduce the 
freezing point of the nitroglycerine, they desensitized the latter to 
such an extent that sensitiveness and brisancc were too much re- 
duced. 

An indication of how the difficulty might be overcome was given 
by Wohl in his German patent 58W7, August 17, 1800, who poly- 
merized glycerine and then nitrated the product. This made an 
explosive oil which we immediately recognize as difficult to freeze, 
but the process attracted no attention at that time. 

Sigurd Nauckhoff investigated the question of reducing the 
freezing point of nitroglycerine in a thoroughly scientific manner, 
explaining it clearly, and showed that all previously proposed 
agents could not completely achieve their purpose, and why. How- 
ever, his investigations gave no indication of the proper manner of 
obtaining this goal." He found, as was to be expected, that every 
material dissolved in nitroglycerine caused a lowering of the freezing 
point of the latter directly proportional to the concentration, and 
inversely proportional to the molecular weight of the added sub- 
stance, provided that the dissolved material neither dissociated nor 
formed complex molecules. Tlie substances proposed by Nauckhoff 
for additions to lower the freezing point must fulfil five conditions: 
(1) solubility in nitroglycerine, (2) lowest possible reduction in 
explosive power, (3) low volatility, (4) no unfavorable effect upon the 
gelatinizing power of nitrocellulose, (5) no unfavorable effect upon the 
chemical stability of the explosive, which shows why the addition 
of nitrobenzene or ethyl nitrate did not accomplish iUs purpose. 

At times plastic and low-freezing explosives similar to dynamite 
were made by using nitrobenzene and nitrotoluene, the explosive 
oil consisting of about 70 per cent nitroglycerine and 30 per cent 
mono-nilrocompounds. However, such mixtures must contain less 
explosive oil and more saltpeter, because of the high oxygen defi- 
ciency of the nitrocompounds, and for various reasons they cannot 
be satisfactory substitutes for high strength dynamites. 

The solution of the problem was more closely approached by the 

» Z. angr*. Chemie, 1905, pp. 11 and 53. 
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use of the highly-nitrated aromatic hydrocarbons, especially the 
low-melting, eutectic mixtures of the isomers of di- and trinitro- 
toluene, which dissolve readily in nitroglycerine even at low tem- 
peratures! and desensitize it very slightly, less than the mono-nitro- 
compounds. However, even by the use of these, absolutely 
non-freezing and high strength dynamites could not be made which 
were satisfactory in all resects. 

Meanwhile, Dr. Anton Mikolajczak, in his patent application of 
August 15, 1903, on the preparation of di nitroglycerine, pointed 
out the right way, which from that time on was followed eagerly by 
several explosive plants. In his article in (Mckauf, 1904, page 629, 
on "New Kxplosives" he spoke of dinitroglycerine as an explosive, 
and mentioned its property of reducing the freezing point of nitro- 
glycerine. The possibility of making the dinitric ester was known 
previously, but the literature contained no exact directions for its 
preparation, and only dubious statements as to its properties. 
Mikolajczak was the first to give a simple method of producing 
dinitroglycerine in good yields and free from trinitroglyccrinc, and 
a clone study by others" soon cleared up the matter. Intensive 
research in this field now showed that nitric esters homologous to or 
related to nitroglycerine, such as di nitroglycerins, dinitrochlorohy- 
drine, acetyldinitroglycerine, tctranitrodiglycerine or the nitrate of 
polymerized glycerine, dinitroglycol, due to their property of mixing 
with nitroglycerine in all proportions and their equivalent explosive 
strength, were suitable in proper proportions for the manufacture of 
low-freezing explosive oils and dynamites. These esters crystallize 
with far more difficulty and at lower temperatures than nitrogly- 
cerine, and in spit*> of their high molecular weight, which according 
to the above-mentioned law would render them less suitable, they 
give with nitroglycerine eutectic mixtures of very low freezing points, 
practically unfreezable because of their low velocity of crystalliza- 
tion. Even when the quantity added to nitroglycerine is insufficient 
to cause absolute impossibility of freezing, they thaw very readily on 
raising the temperature, in contrast to nitroglycerine. Apparently 
the degree of chemical relationship plays an important part in the 
crystallizing point of the so-called eutectic mixtures, in addition to 
the law of molecular lowering of the freezing point. 

For example, a mixture of 25 to 30 parts of dinitroglycerine and 



" German patents 181385 and 175751. 
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75 to 70 parts of nitroglycerine is difficult to freeze, and a 40 to 60 
mixture practically impossible to freeze. Likewise a mixture of 30 
parts dinitrochlorohydrinc or nitroglycol and 70 parts nitroglycerine 
is practically unfreezable. What is true of the oils is also true of the 
explosives made from them. Since each of the esters is a powerful 
explosive in itself, their mixtures with nitroglycerine in the propor- 
tions of about 30 to 70 can hardly be differentiated from that of pure 
nitroglycerine as regards explosive strength. 

While dinitroglycerine, the discovery of which gave rise to these 
other inventions, came into very little practical use on account of its 
solubility in water, requiring a rather inconvenient method of manu- 
facture, and was used only by the Sprengstoff-Gesellschaft Castrop 
in Westfalia and later by the Westdeutsche Sprengstoffwerke at the 
Kummenohl plant in Westfalia for some years for the manufacture 
of low-freezing dynamites and permissible explosives, dinitrochloro- 
hydrinc, whose use was patented by the Dynamit-Actien-Gesell- 
schaft, vorm. Nobel & Co., is still used today to make non-freezing 
dynamites insofar as this is desired (see introductory remarks in this 
connection). Dinitrochlorohydrine is obtained by nitrating mono- 
chlorohydrine, which was formerly an expensive compound. After 
its commercial importance was recognized, processes for making it 
were soon discovered. Tetranitrodiglycerine, the manufacture of 
which was patented by the Zentralstelle fur wisaentschaftlich- 
technische Untersuchungen at Neubabelsberg, Potsdam, has up to 
the present time found little use in Germany on account of certain 
technical difficulties in manufacture ,u which dinitrochlorohydrinc 
does not present. Further data on these questions, together with 
patents and literature citations, will be found in the chapters on 
Nitroglycerine Homologucs and Non-Freezing Dynamites. 

Nitroglycol, or glycol dinitratc, which assumed a prominent 
position among the above compounds as regards its explosive power, 
did not at this lime come into use on account of the difficult syn- 
thesis of the raw material, ethylene glycol, although the material had 
been patented in 1904" as a material to reduce the freezing point of 
nitroglycerine." 

" It has been widely used in tho United States since about 1912.— 

TRANSLATOR. 

» German patent 179879. 

■ It is now offered and sold in large quantities in the United State*.— 
Translator. 
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The World War, with its confiscation of glycerine for military 
purposes, turned attention in Germany to it as the only completely 
sal isfactory substitute for nitroglycerine, perhaps even a true com- 
petitor. 

The fact that glycerine is produced cheaply in large quantities from 
cheap natural products, largely as a commercial by-product, seemed 
to prevent any competition of chemically similar explosives, taking 
into consideration the almost ideal explosive formula of nitroglycerine. 
As a matter of fact, there are only two other liquid nitric esters which 
equal its favorable explosion formula, namely methyl nitrate and 
nitroglycol. While the former cannot be seriously considered on 
account of its low boiling point, 65"C., and its high volatility, nitro- 
glycol, with its ideal formula, decomposing smoothly on explosion 
to carbon dioxide, water and nitrogen according to the equation: 
(CIIjONO,), = 2CO, + 2H,0 + N,, is an ideal explosive oil, but it 
has been given little consideration on account of the high price and 
difficult synthesis of its raw material, glycol, which latter does not 
occur naturally in large quantities, as contrasted to the advantage of 
the cheap nitroglycerine. The enormous requirements of the latter 
during the war, and the ensuing lack of fats caused by the blockade 
of the Central Powers, caused a search for substitutes, and attempt* 
wore then made to carry out the synthesis of glycol and make it a 
commercial process. Th. Goldschmidt A.-G., of Essen, built a 
large plant, in which they produced glycol in considerable quantities 
from alcohol via ethylene and ethylene chloride, the latter being 
saponified in an autoclave. They put it out as an article of com- 
merce. Although nitroglycol could not be used in the manufacture 
of smokeless powders on account of its volatility, higher than that of 
nitroglycerine at moderate temperatures, it formed a complete sub- 
stitute for nitroglycerine in gelatinous mining explosives, and many 
tons of it were produced during the latter years of the war in the 
domestic explosive plants. When the large stocks of glycerine were 
released after the war for mining purposes the production of glycol, 
which had been limited by the scarcity of alcohol and chlorine, again 
ceased. With abundant and cheap glycerine, nitroglycol will be 
pushed into the background unless a discovery of a very cheap source 
of ethylene, independent of alcohol," and a lower price of chlorine 
again alters the picture. 



" For example, from natural gas.— Translator. 
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It should be added here that the value of nitroglycol, which is 
slightly greater than nitroglycerine in brisance and velocity of 
detonation, should be increased by its high degree of safety in hand- 
ling. In recent times the Dynamit-Acticn-Gcsellschaft has suc- 
ceeded in making absolutely safe gelatinous explosives on the basis 
of gelatinized nitroglycol and ammonium nitrate, which are allowed 
on railroads as ordinary freight without restriction under the name 
of Gclatin-Asiralit, which are in no way inferior to gelatine dynamites 
in explosive strength, and which have the additional advantage of 
being non-freezing. 

After this historical review of the discovery and introduction of 
nitroglycerine into the technique, as well as its use in various ex- 
plosives, there remains only a word to be said about the development 
of the manufacturing process itself. However, since a description 
of its manufacture by various methods, and the improvements, will 
be found at the proper place in this book, only the main steps of the 
development will be given here, in order to avoid repetition. 

Originally a large number of small jugs or porcelain vessels were 
used for the nitration, with primitive agitation by hand. This very 
gradually grew into the use of cast iron vessels, and finally into the 
present exclusively-used large cylindrical lead vessels. With the 
increasing size of the charges mechanical stirring followed hand 
agitation, and in turn compressed air completely displaced the 
former.* 4 Compressed air agitation was used by Mowbray in the 
United States in the sixties. Somewhat later, about 1877, it became 
possible to separate the oil directly from the concentrated acids and 
recover the latter, which was an important economical and tech- 
nical improvement, because previous to this time the nitroglycerine 
had been separated by drowning the entire charge in a large volume 
of water, with complete loss of the spent acids. The French Boutray 
and Faucher nitrating process of removing the heat of reaction to 
reduce the danger of decomposition by first mixing glycerine with 
sulphuric acid and then mixing this with the nitric-sulphuric acids 
involved such difficulties as to overbalance the over-estimated 
advantages. It was used only at a few places and in time was 
drdpped. 

An important economical improvement in manufacturing proc- 
14 Except in the United States, where mechanical agitation is universal.— 
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esses toward the end of the century was the conversion of the large 
German and English factories to the manufacture of fuming sul- 
phuric acid and consequently almost anhydrous nitrating acids, 
whereupon the nitroglycerine yield rose about 10 to 15 per cent, or 
from about 210-215 to 225 parts per 100 parts of glycerine used. 
About ten years later some of the same factories raised the yield to 
230 per cent by using artificial refrigeration, or cooling by brine 
at 12°, so that nitrating temperatures could be reduced from 25- 30° 
to 12- 15"C. 

A rather important gain in the capacity of the plant and an in- 
crease in safety were brought about when small additions of paramnc 
oil, vaseline or sodium fluoride, sometimes mized with kicselguhr, 
were used in the charge to reduce the time of separation of the nitro- 
glycerine from the spent acids.* 4 



"Ckrrnan patents 171106, May 21, 1904; 161489, October 2, 1906; and 
233330, Oclol-er 10, 1912. 
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Methods of Pbepakation 

Nitroglycerine is formed by the action of nitric acid on glycerine. 
The formation of one molecule of nitroglycerine requires one mole- 
cule of glycerine and three molecules of nitric acid, setting free three 
molecules of water, or expressed in gram-molecules, 92 grams glyc- 
erine + 189 grams nitric acid = 227 grams nitroglycerine + 54 
grams water. 

One hundred parts of glycerine thus give theoretically 246.7 parts 
of nitroglycerine, requiring 205.4 parts of nitric acid and setting free 
58.7 parts of water. However, if glycerine is added to sueh a cal- 
culated quantity of practically anhydrous nitric acid the formation 
of nitroglycerine soon ceases, and the nitric acid, diluted by the water 
formed, soon starts a process of oxidation. For complete conversion 
of glycerine into glycerine trinitrate it is necessary to have not only 
an excess of nitric acid molecules but also a dehydrating agent which 
will maintain a sufficient concentration of the esterifying nitric 
acid. Although for the reasons set forth below only sulphuric acid 
is of importance commercially for this purpose, on purely theoretical 
grounds any dehydrating agent is suitable which reacts neither with 
glycerine nor with nitric acid, or which only forms compounds with 
glycerine which break up with the excess of nitric acid, such as 
sulphuric acid, which forms temporary glycerine sulphate, broken up 
by suitable concentrations of nitric acid. 

The first dehydrating agent considered was nitric acid itself. The 
following tests, which are of purely theoretical interest, illustrate the 
possibility of converting glycerine almost completely into nitro- 
glycerine, without the use of sulphurie acid: 

1. With nitric acid alone. An appropriate excess of nitric acid converts 
glycerine almost completely to nitroglycerine. 

Example : 100 grams of glycerine were put into 1000 grams of 99 per cent nitric 
acid, whereupon considerable heat was developed, which was removed by cool- 
ing with ice water. It was allowed to stand in ice water for an hour to permit 
the reaction, whose velocity falls with dilution of the nitrie acid, to come to 
an equilibrium, and then poured into three liters of ice water, whereupon the 
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greater portion of the nitroglycerine separated as ao oil. Washing and 
neutralization gave 176.5 grams of oil. The dilute acid was then shaken with 
chloroform. After separating and neutralizing the chloroform solution by a 
solution of sodium carbonate, and distilling off the chloroform 30.7 grams 
more oil were obtained, or a total of 207.2 grams or 207.2 per cent of nitro- 
glycerine, based upon the glycerine used, corresponding to 84 per cent of 
theory. The nitroglycerine contained 18.16 per cent nitrogen, the theoretical 
being 18.60 per cent, so that it contained some glycerine dinitrate. If less 
nitrie acid had been taken, for example five times the quantity of glycerine, 
a mixture of glycerine trinitrate and dinitrate would have been obtained. 

Such a process must naturally be uneconomical because the large excess of 
costly nitric acid iB only recovered in a very dilute form, or after neutraliza- 
tion and evaporation as sodium nitrate. 

8. With nitric acid and phosphorous pentoxide. A mixture of 400 grams of 
the strongest nitric acid and 150 grams of phosphorous pentoxide is made while 
cooling well, and while still cooling down 100 grams of glycerine added to the 
thick liquid, whereupon the phosphoric acid falls to the bottom as a thick 
syrup and the nitroglycerine formed remains dissolved in the strong nitric 
acid. .By separating the thin layer from the syrup and precipitating by adding 
ice water about 200 grams of pure nitroglycerine were obtained. If 100 grams 
of glycerine are first dissolved in 400 grams of nitric acid and while cooling with 
ice water and vigorously stirring 150 grams of phosphorous pentoxide added 
in small portions at a time the solution can likewise be readily separated from 
the phosphoric acid syrup and the nitroglycerine obtained by precipitating the 
solution with ice water. After thorough purification the yield iB about 200 
per cent. 

S. With nitric acid and anhydrous calcium nitrate. One hundred grams of 
glycerine are dissolved with cooling in 500 grams of the strongest nitric acid, 
and 400 gramB of powdered, absolutely anhydrous calcium nitrate added. 
There is only a Blight development of heat. After standing for several hours 
the thin broth is added to several times its volume of cold water, which gives 
about 220 grams of nitroglycerine containing about 10 per cent dinitroglycer- 
ine, corresponding to about 200 grams of nitroglycerine. By merely dissolving 
100 grams of glycerine in 500 grams of nitric acid there is obtained only about 
50 gramB of nitroglycerine and 140 grams of dinitroglycerine (which see). 

Only concentrated sulphuric acid, the strongest, cheapest and most 
convenient dehydrating agent comes into consideration in the com- 
mercial manufacture of nitroglycerine, because its use makes it 
possible, with a comparatively slight excess of expensive nitric acid, 
to obtain nitroglycerine in high yields and almost completely free 
from glycerine of lower degrees of nitration, and at the same time to 
separate the oil direetly from the concentrated mixture of spent 
acids and recover the latter in a valuable form for re-use. While 10 
parts of the much less energetie dehydrating agent, concentrated 
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nitric acid, are required to completely convert 1 part of glycerine 
into nitroglycerine, a mixture of 4| parts of concentrated sulphuric 
acid and about 3 parts of 90 per cent nitric acid produces about 2.15 
parts of pure nitroglycerine from 1 part of glycerine. By using 
fuming sulphurie acid (oleum) containing 20 per cent free S0 3 a 
mixture of 360 parts with 280 parts of 90 per cent nitric acid is 
sufficient to produce about 225 parts of nitroglycerine from 100 parts 
of glycerine. 

Of the three possibilities: (1) solution of glycerine in nitric acid 
and complete esterineation and separation of the nitroglycerine by a 
subsequent addition of sulphuric acid, (2) solution of glycerine in 
sulphuric acid and mixing this with nitric acid and sulphuric acid 
(Boutmy-Faucher process), (3) gradual addition of glycerine with 
constant cooling to a nitric-sulphuric acid mixture, with almost 
complete separation of the nitroglycerine, only the third can be 
considered as a commercial method. While for various reasons the 
first would be disadvantageous from a tendency of the glycerine, 
dissolved in a small quantity of nitric acid, to oxidize and to heat up 
strongly when adding sulphuric acid, the second method, which 
separates the heat formation into two portions and consequently 
reduces its intensity in practice, did not endure, so that only the 
third method remains. It was the original method used and is to-day 
the only one by which nitroglycerine is made. 

PREPARATION OF SMALL QUANTITIES OF NITRO GLYCERINE IN THE 

LABORATORY 

To prepare small quantities of nitroglycerine in the laboratory as 
simply as possible the following method is used : 

Six hundred and thirty grams of nitrating acid are weighed into a 
cylindrical lead vessel holding about a liter, and having an outlet 
cock. This acid should contain 39 to 40 per cent HN0 3 , 59 to 60 
per cent H2SO4 and as little water as possible, and can be made 
by slowly adding 350 grams of fuming sulphuric acid containing 
20 to 25 per cent free S0 3 to 280 grams of at least 90 per cent 
nitric acid, while cooling and stirring. If fuming sulphuric acid 
is not available, the quantity and composition of the nitrating 
acid is changed, for example, 300 grams of the above nitric acid are 
mixed with 450 grams of 66° (98 per cent) sulphuric acid, forming a 
nitrating acid of about 36 per cent HN0 3 , 59 per cent H2SO4 and 
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5 per cent H 2 0, which will give a somewhat lower nitroglycerine 
yield. The lead jug is placed in a lead vessel provided with an inlet 
and outlet for water, so that it can be cooled by running water. The 
lead jug is preferred to a glass beaker on account of the more rapid 
cooling due to better heat conduction and the fragile nature of the 
glass. The glycerine, 100 grams of dynamite glycerine as free from 
water as possible and of 31° Be" or 1.26 specific gravity, is warmed to 
40 to 50 D C. to render it more fluid, and allowed to drip from a drop- 
ping funnel to a point between the center and the rim of the lead jug 
after the aeids have come to the temperature of the cooling water, 
while being vigorously stirred by a thermometer, which is read after 
each addition of glycerine. This precaution is necessary because the 
dropping glycerine must be immediately distributed into a large 
quantity of acid in order to avoid local overheating and oxidation, 
which would cause a violent, or under certain conditions dangerous, 
decomposition of the charge. To avoid local decomposition, which 
is accompanied by a slight bubbling or development of red vapors, 
the agitation must be quiet and regular, and drops of glycerine on the 
walls of the jug avoided, since they can be oxidized by small amounts 
of the acid and give local overheating. The temperature should not 
exceed 30°C, and should be regulated by the rate of feed of the 
glycerine. By observing these precautions and using a pure glyc- 
erine and acids of the prescribed quantities and concentrations the 
nitration of glycerine is a safe operation. In spite of this it is recom- 
mended that a vessel of five times the volume of the nitrator be 
placed nearby and kept full of cold water, so that in unexpected 
cases the charge can be quickly drowned in an excess of water and 
rendered safe. Addition of water to the charge is naturally to be 
strictly avoided. 

With a cooling water temperature of 10°C. the glycerine can all 
be added in about ten minutes. If it is desired to determine the 
yields on glycerine accurately in per cent, the dropping funnel is 
weighed before and after the run, since the viscous glycerine hangs 
to the walls. The somewhat cooled charge is poured into a separa- 
tor funnel, which is covered with a glass plate. After ten minutes at 
the most the nitroglycerine separates sharply from the spent acids, 
and floats above. The rest of the charge in the lead jug is washed 
into a flask with about 300 cc. of water while agitating the latter, 
nitroglycerine still being acid. The flask is then shaken vigorously. 
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after being closed by a perforated rubber stopper having a bent glass 
tube to release any possible pressure developed and to protect against 
splashing out. The originally clear nitroglycerine is now milky, 
and is separated in a scparatory funnel whose stopcoek is well 
greased to prevent friction, and washed two or three times with 200 
cc. of water, first at 30°C, then at 40°C. Then by continued shak- 
ing for two or three minutes with a 2 to 3 per cent sodium carbonate 
solution at 50°C. the last traces of acid arc neutralized. A yellow 
color persists after shaking when alkalinity is reached. Then the 
sodium carbonate solution is removed and the nitroglycerine shaken 
with pure water at 40°C. The nitroglycerine so obtained is dried in 
a shallow dish in a calcium chloride desiccator, and after it has be- 
come clear it is weighed. The wash-waters are carefully collected 
and taken to the settling box of the nitroglycerine plant, or if this is 
impossible the oily residues arc carefully separated, absorbed in 
sawdust, and burned, but never put into a stream, because they 
remain on the sides and bottom and can cause subsequent explosions. 
If it is desired to determine the yields accurately, the spent acids are 
put into a separatory funnel and allowed to stand for twenty-four 
hours in a cool place, and the oily matter thus separated is deter- 
mined and weighed separately. The total yield amounts to about 
225 grams. When using ordinary sulphuric acid it is 210 to 215 
grams. 

In dynamite plants laboratory nitrations arc now usually made 
in a special glass apparatus, which will be described in the next 
chapter under the subject of glycerine specifications and test nitra- 
tions. It is a convenient method, closely approximating plant con- 
ditions. 

If it is a question of the preparation of smaller quantities of nitro- 
glycerine for laboratory tests without exact yield determinations, and 
if the above apparatus is lacking, air agitation can be used, just as 
in the large scale operation^, and a spiral lead coil having perforations 
in the bottom side can be placed in the lead jug. The thermometer 
is then placed half way down into the acid, and the vessel in which 
the washing is done with air agitation covered with a suitable glass 
plate. On account of the acid fumes the work should be done under 
good ventilation. 
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Raw Matebials and Final Product 

The only raw materials needed for nitroglycerine are glycerine, 
nitric acid and sulphuric acid. The waste products are spent acid, 
so-called, an aqueous mixture of sulphuric acid and a little nitric acid, 
or after breaking down into its components (denitration) weak nitric 
acid and weak sulphuric acid. The larger companies making ex- 
plosives, in order to reduce their costs, started a long time ago to make 
these raw materials in their own extensive plants, so that today many 
large dynamite plants maintain plants for the manufacture of gly- 
cerine and acids. To mention only one example, the Schlebusch 
Dynamite Plant of the Dynamit A.-G. operated during the last 
year of the war eight plants for the manufacture of fuming sulphuric 
acid by the Tentelew process, having a total capacity of 80 tons 
per day, four nitric acid plants, and two glycerine plants, with the 
help of which they provided the adjacent plants with the necessary 
raw materials. Such plants therefore require as raw materials for 
nitroglycerine only pyrites, saltpeter and crude glycerine or soap 
lye, and its by-products are pyrites cinder, sodium bisulphate and 
waste salt from the glycerine refinery. 

SPECIFICATIONS FOR GLYCERINE, NITRIC ACID AND SULPHURIC ACID 

Glycerine 

The glycerine used by the nitroglycerine plants is the so-called 
"dynamite glycerine," a distilled product of the highest concen- 
tration, an article of commerce, and of the highest purity. Its purity 
is one of the most important factors of plant safety, in addition to 
perfection of apparatus. While chemically pure glycerine is color- 
less and odorless, dynamite glycerine is a light yellow to dark brown 
and usually has a slight odor somewhat resembling caramel, par- 
ticularly when rubbed between the hands. The degree of color is no 
criterion of quality. Clear glycerine under certain conditions can be 
poorly suited to nitration, while deeply colored glycerine may be 
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suitable. The analytical methods commonly used for saponification 
crude, crude soap glycerine and liquors, such as oxidation with 
dichromate, the acetin method, the isopropyl iodide method, dis- 
tillation, etc., are of little value here because fulfilling the following 
specifications ensures the highest quality. Analysis gives no in- 
dication of the trimethylenglycol content, which is seldom found in 
glycerine made from fats, and it does not show polyglycerine. For 
this reason the specific gravity in connection with the water content, 
determination of yields and behaviour on nitration, are of greater 
importance. 

While before the war only glycerine obtained from fats and oils 
was of importance, which has also been the case in these last few 
years, in the latter years of the war the Central Powers used the 
so-called "Fermented" or "Protol Glycerine" after the supplies of 
glycerine had been consumed and the scaricity of fats had become 
felt. This glycerine was that produced from sugar by a special 
fermentation process. This was not as pure as the regular dynamite 
glycerine, giving a somewhat lower yield of nitroglycerine than the 
latter, but otherwise quite suitable for nitroglycerine manufacture. 
In a crude condition it contained more or less considerable quantities 
of trimethylenglycol (which see), which came over in the first part of 
the distillation, and which when present in small amounts did not 
disturb the nitroglycerine operations nor affect the final product, 
because its nitric ester, trimethylenglycol dinitrate (which see) is 
also a strong explosive and at least as stable as nitroglycerine. 

The specifications for dynamite glycerine are as follows: 

1. Specific gravity. This shall be determined by a pyknometer at I5°C, ; 
and shall be at least 1.262. When stirring cold, the formation of air bubbles 
muBt be avoided, as they escape only after long standing. 

t. Neutrality. Shake 50 ee. of the Bample with 100 ee. of distilled water 
and a few drops of phenolphthalein solution. A ma, xi mum of 0.3 cc* of normal 
acid or alkali should be required to neutralize. 

3. Residue on evaporation; asA, The total organic and inorganic residue 
must not exceed 0.20 per cent, and the ash must not exceed 0.05 per cent. 
The residue is determined by carefully evaporating 5 to 10 grains of the gly- 
cerine in a platinum dish in a sand or air bath at 160 to 180°C. with the addition 
of several successive small amounts of water to avoid the formation of difficultly 
volatile polyglycerines, which can also be easily formed if too large samples 
are used for the analysis, such as 25-gram samples. For the simultaneous 
analysis of several samples a round, heavy iron plate 4 to 5 cm- thick, heated 
by burners, and having round depressions for the platinum dishes, is very 
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convenient, A low-melting alloy is id the central depression, with a ther- 
mometer in it. After constant weight is obtained the inorganic residue is 
determined by carefully heating to redness. 

4. Water content; presence of polyglycerines . Frequently the water content 
of dynamite glycerine is also determined, although this takes a great deal of 
time, and is only approximate. A dlglycerinc (which see) and polyglycerine 
content p which can be formed by a local overheating during the distillation, 
raises the specific gravity and may affect the yields and nitroglycerine separa- 
tions adversely. A high specific gravity can therefore, by the simultaneous 
presence of water and polyglycerine, apparently represent a higher glycerine 
content than is actually present, while on the other hand, in the determination 
of the non-volatile residue the polyglycerines are hydrated by the addition of 
water and can be evaporated. Since 100 per cent glycerine has a specific 
gravity of 1.264, and diglycerine 1.33, 10 per cent diglycerine raises the specific 
gravity of a glycerine 6.6 units in the third decimal place. On the other hand, 
glycerine produces theoretically 246.7 per cent of nitroglycerine, and digly- 
cerine only 208,4 per cent of tetranitrodiglycerine. Therefore 10 per cent of 
diglycerine reduces the nitroglycerine yield 3-8 per cent. Diglycerine and 
polyglycerines have been made purposely in order to produce low-freezing 
nitroglycerine (Bee chapter on non-freezing dynamites), and the more difficult 
washing on account of the formation of emulsions has been to a certain extent 
overcome- 1 The statement that the quality of the nitroglycerine is injured 
by a diglycerine content of the glycerine, as in Chemiker Zeitung., page 41, 
1912, is not true, since nitroglycerine contains 3.5 per cent more oxygen than 
is necessary for complete combustion, and tetranitrodiglycerine 18.5 per cent 
too little, so that a mixture of 85 per cent nitroglycerine and 15 per cent tetra- 
nitroglycerine still contains sufficient oxygen for complete decomposition and 
maximum heat of explosion. The presence of a few per cent of di- and tri- 
glycerines is of no practical importance, provided that they do not mask a 
higher water content by their specific gravity, which latter is of importance 
in that each per cent of water means a drop in yield of 2.3 per cent aside from 
the injurious diluting action on the nitrating acids, which exerte a harmful 
effect only with a high water content in the glycerine. 

Determination of the water content of glycerine. The water content of 
glycerine can be determined by allowing a small quantity of glycerine to stand 
in a thin layer over sulphuric acid in vacuo until constant weight is obtained. 
Since glycerine itself retains water strongly it does not release it all- Ten 
grams of glycerine can be heated in a loosely covered weighing bottle for one 
hour at 90°C, a circular piece of filter paper being placed between the glass 
and the cover. The loss of weight is determined hourly until it becomes con- 
stant and small. 

5. Mineral impurities. Glycerine must contain only traces of chlorides, 

1 Nitroglycerines containing 23 to 25 per cent of tetranitrodiglycerine have 
been used in the United States continuously since 1912 for low-freezing dyna- 
mites, the emulsion formed during washing being broken up by washing 
with warm, common salt solution.— Translator- 
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sulphates, calcium salts and arsenic, derived from the reagents used in the 
preparation of the crude glycerine and carried over with the distilled glycerine 
by improperly conducted distillation- 

6. Sugar and glucose prove deliberate adulteration, and should not be 

present* 

7. Absence of reducing substances. Equal volumes of glycerine and a 10 
per cent silver nitrate solution are mixed, and after standing for ten minutes 
in the dark should show no black cloud. It is recommended also that glycerine 
be mixed with an equal volume of Fehling's solution, such as is used for sugar 
determinations, and a flask rapidly and completely filled with this, so that 
no air remains between the stopper and the liquid. After standing for twelve 
hours there should be no reduction. 

8. Absence of albumins. With a lead acetate solution there should be no 
precipitate, or at the most only an opalescence. 

P. Absence of fatty acids. Fatty acids should be absent, or present only in 
traces. Volatile fatty acids are recognized by the ester-like odor formed on 
heating with alcohol and strong sulphuric acid. Higher fatty acids, like 
oleic, are determined by diluting the glycerine with twice its weight of water, 
adding nitrous acid and heating for two hours on a water bath, giving a pre- 
cipitate if present. Good dynamite glycerine as a rule contains at least 99 
per cent glycerine and less than 1 per cent water. 

Test nitration 

A dynamite glycerine can conform in general to the above specifi- 
cations and yet show undesirable reactions in the manufacture of 
nitroglycerine, e.g., too slow a separation from the spent acid, in- 
complete direct separation and slow after-separation, the formation 
of emulsions, and poor settling from the washes, and last but not 
least low yields. Mere traces of impurities of certain kinds can be 
the cause of this. For this reason the dynamite plant, in addition 
to the chemical and physical tests, places great reliance upon the 
so-called test nitration. Yield determinations oa a factory scale are 
seldom made, since the use of plant apparatus gives exact results 
only as an average of a long series of nitrations, and consequently 
jves a fairly satisfactory idea of yields only with a large quantity of 
glycerine. For this reason a test nitration in the laboratory, with 
exact determination of yields, is preferable. It is best not to work 
'with too small quantities, because then the effect of the difficultly 
avoidable loss of the small drops clinging to the walls is too serious a 
factor. Moreover, measurement of the washed nitroglycerine, often 
recommended, is not sufficiently accurate. The moisture content 
^d the possible error of the measuring device can affect the results* 
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The method of measuring nitroglycerine, unwashed and directly 
after separation, as given in Guttmann: Die Industrie der Explos- 
ivstoffe, page 95, is quite inaccurate because the nitroglycerine then 
contains appreciable amounts of the concentrated acids. It is better 
to weigh the nitroglycerine after drying in a desiccator, on a balance 
sensitive to 0.01 gram. 

The apparatus most commonjy used for this purpose is the glass, 
pear-shaped nitrator shown in figure 1, usually holding a charge 




Fig. 1 Fio. 2 



Fig. I. Glass Nitbatinu Funnel for Test Nitrations 
Fig. 2. Improved Glabb Nitrating Funnel 

of 100 grams of glycerine, corresponding to about 225 grams of 
nitroglycerine. 

The apparatus consists of a nitrator, A, with a glycerine dropping funnel, 
5, fitting into the cooling jacket, C, by a ground glass joint, the jacket having 
water inlets and outlets, e and/, which can be filled as desired with crushed ice, 
water or cooling mixtures, to maintain the proper temperature. The bent 
glass tube, a, reaching almost to the bottom stopcock, d> is used to introduce 
the compressed air. The thermometer, 6, is inserted from the side, and the 
acid vapors evolved by the current of air escape through the vent pipe, c. 
All parts of the apparatus have ground joints. Washing of the nitroglycerine 
is also done in the same apparatus by a current of air. To prevent wash-water 
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being separated from the nitroglycerine on drawing off the latter Novakj 
altered it by using a three-way stopcock at the top, and a syphon and stop- 
cock- The syphon ends above the nitroglycerine layer, the height of the 
latter being determined by trial. After the nitration is finished and the spent 
acid drawn off the dropping funnel is replaced by an exit pipe attached by a 
rubber tube to a vessel filled with water, and the required quantity of water 
is added to the acid charge while being vigorously agitated. After settling a 
slight pressure is put on the liquid by means of the tube and a piece of rubber 
tube, after removing the air inlet and exit pipes, so that the wash-water is 
forced through the syphon (fig. 2). 

The method of operating this device is as follows: After the proper prelim- 
inary cooling of the acid the latter is vigorously agitated by a current of air, 
regulated by the stopcock, the air current passing through a calcium chloride 
tower to dry it and prevent the water in the air from getting into the nitrating 
acid. The warm glycerine iB then allowed to drop in rapidly until the deBired 
or allowable maximum temperature is reached, not over 30°C. T and then the 
rate of feed of the glycerine regulated according to the efficiency of cooling 
maintaining the temperature within narrow limits, say plus or minus 1°C 
The time of nitration depends upon the temperature of the cooling water, 
and if the latter be +10°C. and the nitrating temperature +25°C, the amount 
of glycerine fed in may be 100 grams in about twenty minutes. The separation 
takes place smoothly in a maximum of ten minutes, after which time a sharp 
[be between nitroglycerine and acid should form without flaky separation and 
without slimy particles floating on the oil. Likewise, in the subsequent wash- 
ing a slightly but not markedly milky nitroglycerine should separate without 
formation of an emulsion or foam. If these conditions are not met objection 
should be made to the glycerine, as it is not adapted to the manufacture of 
nitroglycerine and must be redistilled. Many, particularly if inexperienced, 
wash with too much water. This is Improper because nitroglycerine, although 
difficultly soluble, is not insoluble in water, particularly when warm, so that 
the yields are affected unfavorably by too much water and no longer cor- 
respond to the plant results obtained with smaller but sufficient quantities 
of water. A quantity of water equal to the volume of the nitroglycerine is 
sufficient. Exact yield determinations should also have regard to the after- 
separation, which may amount to 0 to 5 grams, depending upon whether the 
oil is allowed to stand in the separator a long or a short time, and upon the 
quality of the glycerine. After-separation burettes with a bulb at the bottom 
for direct reading of the after-separated oil in cubic centimeters have not been 
satisfactory because a part of the oil clings to the walls of the bulb and does 
not rise up into the burette. Separatory funnels are preferable. 

If compressed air is not available, air can be drawn through the acid by a 
water jet pump, the acid vapors being taken away by the pump. An empty, 
intermediate flask with a stopcock should be placed in the line next to the 
pump to prevent water from sucking back. 

* Z. Sckiess- und Sprengstofw., 1, p, 191. 
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In many plants the following regulations are in use for the greatest 
possible accuracy in determining the yield to be expected from a given 
glycerine : 

Glycerine. About 101 grams are weighed into a small separatory funnel. 
Depending upon the temperature of nitration and the desired rate of feed, 
the glycerine is warmed up somewhat (30 to 45°C.) to make it more fluid. 
After all the glycerine is fed in, the funnel is again weighed, and the glycerine 
consumed determined by difference. 

Nitrating acids. Quantity, 630 grams. Composition: HNOa 40 per cent; 
HjSOi 59 to 60 per cent; H 26, 0 to 1 per cent. Quantity and composition of 
the acids should follow closely plant conditions. 

Nitrating temperature. These should parallel plant practice, for example, 
if the plant uscb water for cooling, nitration should be at 25 to 30°C. If the 
plant uses artificial refrigeration with brine in the coils at — 10°C-, the cooling 
jacket of the apparatus is filled with an ice-salt mixture and nitration made 
at 14 to 15°C. 

Agitation. Most apparatus ib fitted for compressed air agitation. The 
aim is a thorough but not excessive mixing, so that the air current will not 
carry away too much nitric acid during the nitrating period. The vaporB 
evolved are carried away by a glass tube to a good draught, or passed out of 
the room through a hole in the window. 

If compressed air is not available the nitrator can be stirred mechanically 
by a turbine or by hand. In such a case nitration is carried out in an open 
lead vessel, stirred by a thermometer, which is read frequently after the flow 
of glycerine has been temporarily stopped. With mechanical agitation a 
1 per cent higher yield is usually obtained than when using compressed air. 

Separation. After all the glycerine has been added the agitation is con 
tinued for one or two minutes, the cooling mixture removed from the jacket 
or the cooling water shut off, and the oil allowed to separate from the acids at 
25° or 10°. It is better, even with rapid separations, to allow the charge to 
stand for thirty minutes to avoid after-separation as much as possible- 

Stabilization. After complete separation the acid is slowly and carefully 
run out into an open eeparatory funnel, the latter covered by a glass plate 
and left in a cool place for the after-separation, which is determined on the 
following day. 

The nitroglycerine is run into an Erlenmeyer flask containing 100 cc. of 
cold water, while shaking constantly, the apparatus washed out with a further 
50 cc, of water, the whole poured back into the apparatus, and agitated with an 
air current for five minutes. ThiB preliminary wash with cold water is fol- 
lowed by two more washes, each with 100 cc. of water at 30° and 40° respec- 
tively, and lasting for five minutes, the jacket being filled with lukewarm 
water at a temperature suitable to maintain the desired temperature of the 
charge. It is then agitated for ten minutes with 100 ce. of a 3 to 4 per cent 
sodium carbonate solution at 40°C, and finally with 100 cc, of pure water at 
30 to 4Q a C for five minutes. 
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All wash-waters are collected in a separatory funnel and allowed to clarify 
therein, a glass rod being used to collect the oily drops from the walls and 
make them coalesce on the bottom. 

After proper settling, the main quantity of nitroglycerine is drawn off into 
a weighed glass dish and put into a desiccator. On the next day, after becom- 
ing clear of emulsified water from the washings, it is weighed. 

The yield is made np of the following components : 

1. Direct yield. The main quantity of nitroglycerine, 

2. After-separation. On the next day, or in ease of haste being necessary, 
after some hours, the spent acids are carefully drawn off, the nitroglycerine 
on the surface is washed with water without shaking, and run into a weighed 
dish. From this weight 10 per cent is deducted for the concentrated acids in 
the oil which has not been shaken with water. Since here it is usually a matter 
of only a few grams, this empirical practice is usually sufficiently accurate. 

3. Mechanical losses. Finally the nitroglycerine, separated by clarification 
of the wash-waters, is drawn off, weighed and added to the yield. 

The figure obtained, in grams, is divided by the quantity of glycerine used, 
giving the per cent yield based upon glycerine. By following the above 
directions agreement between two parallel tests to a few tenths of a per cent 

of the glycerine can be obtained. 



The process described can be applied to yield determinations of 
nitroglycol without alteration, because the stoichiomctrical relations 
of glycerine and glycol versus nitroglycerine and nitroglycol are 
almost the same. 

The nitroglycerine yield so determined is always less than that 
obtained on a plant scale with the same raw materials, but with more 
careful work it is generally not more than about 1 to 1.5 per cent 
low. This is because in the laboratory tiny drops escape exact 
determination, while on the plant scale no trace of nitroglycerine 
escapes, all being collected and returned to the washers. Moreover, 
in plant practice the nitroglycerine is usually weighed with a moisture 
content of 0.3 to 0.5 per cent, which compared to the dry product 
corresponds to a 1 per cent higher yield on the glycerine. 

Under the above conditions the best dynamite glycerine gives a 
laboratory yield of 225 to 226 per cent at a nitrating temperature of 
30°C, and 228 to 229 per cent at 15°C. 

In order to carry out the test nitration in the simplest and most convenient 
^ay and as rapidly as possible I^ofwimme^ , proposed a so-called nitrating bur- 
ette, in which a small quantity of nitroglycerine was made, and after standing 
">r fifteen minutes its volume was determined exactly by means of a precision 



■CWZ^, 1912, p. 41. 
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burette. Since this method and apparatus was intended to make possible an 
exact evaluation of different kinds of dynamite glycerine, and has been recom- 
mended in recent books, 1 a critical consideration of its real worth is justified. 
The apparatus (fig. 3) consists of a 15 ec. measuring tube divided into tenths 
or twentieths of a cubic centimeter, bo that hundredths can be estimated. 
Compressed air is introduced through the bottom stopcock to stir the mixture 
during the addition of the glycerine. At the upper end the measuring tube 
swells out to a bulb, which is surrounded by a cooling jacket. From a sep- 
aratory funnel containing 10 grams of glycerine between two graduations, and 




Fig. 3. Nitrating Burette 



which is weighed before and after use, glycerine is added to the acid sur- 
rounded by the water jacket. The amount of acid is 60 to 65 grams. The 
temperature is not measured because of the small quantities involved and the 
abundant cooling arid uniform conditions. After the separation, which should 
bo complete in fifteen minutes, the acid is drawn off until the layer of oil 
reaches the upper zero mark, and the volume of the nitroglycerine read off. 
For comparison of different kinds of glycerine naturally a stock of uniform 
nitrating acid is used. Since real yields of pure nitroglycerine are not de- 
termined, but rather the volume of nitroglycerine contaminated by suspended 
and dissolved acids, there must first be determined the volume of acid nitro- 



1 Stettbacher, Schiess- und Sprengstojfe, 1919, p. 112* 
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glycerine obtained from 10 grams of a pure, anhydrous glycerine. This latter 
figure is the standard for testing other varieties. 

Each degree of lower volume obtained with other kinds of glycerine signifies 
a corresponding reduction in the value of the glycerine under consideration. 
It should be noted that the weighing of the glycerine on the analytical balance, 
which is claimed to be of particular advantage as compared to rough work with 
100 grams of roughly weighed glycerine, is of no advantage insofar as it exceeds 
0.01 gram, because the volume can only be read to 0.01 cc. Rough balances 
are also able to weigh to 0.01 gram. Although the separation is usually com- 
plete after fifteen minutes, appreciable quantities of nitroglycerine separate 
subsequently, varying with the different kinds of glycerine, so that when the 

TABLE 1 

Glycerine determinations by the nitrating burette 



KIXD OF GLYCERINE 



Chemically pure anhy- 
drous 

Dynamite glycerine num- 
ber 1 

Dynamite glycerine num- 
ber 2 

Dynamite glycerine num 
ber 3 



VOI-llHK roR 
10 CRAMS 


YIELD BY 
VOLUME 


ACTUAL YIELD 
OH 100 GRAMB 


qlyckrinb 
val.uk 




per cent 


percent 


percent 




229.4* 


229.4 


100. ot 




224. ax 


227.4 


97.65§ 




226.8 


225.0 


98.9 


£3 »•« 


215.2 


212 


93.8 



* Obtained, 
t Assumed. 
% Calculated. 
§ By volume. 

acid is run off there must be a wait of at least one hour to afford a true indica- 
tion, because in commercial practice the after-separated oil also is recovered. 
Furthermore it is a long time, as a rule several hours, before the oil volume 
becomes constant and can be read, since it is constantly separating the sus- 
pended acid contained in it and so is cont racting. Here also at least one hour 
must pass, so that the whole determination takes about two and a half hours. 
In this period an exact analytical determination can be made, whereas in any 
CABe the after-separation can only be determined after twelve hours, or on the 
next morning. Assuming a sufficient accuracy, the Hofwimmer method has 
the advantages of great simplicity and little Labor, so that, assuming abso- 
tely uniform burettes, a number of simultaneous determinations can be 
made by one person. 
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However, according to tests made by the author, the accuracy of the method 
cannot be compared with that obtained by weighing the purified, dry nitro- 
glycerine. There is also the disadvantage that the behaviour of the nitro- 
glycerine during nitration and particularly during separation cannot be 
observed as well with the 10 grams as with the 100 grama. In the latter case, 
with some practice, an agreement between two parallel determinations to 0.5 
grama of nitroglycerine, corresponding to 0.2 per cent glycerine, is readily 
obtained. In the nitrating burette 0.15 cc. of nitroglycerine corresponds to 
1 per cent glycerine, and the limit of error of parallel determinations is not 
much lower. Comparisons of high grade dynamite glycerine by the burette 
gave values not agreeing with actual yieldB obtained by weighing, although 
glycerines of appreciably lower grade gave considerably lower volumes of oil. 
The method does not take into consideration the different tendencies of 
glycerines to emulsify with acids and retain the latter in suspension, and there- 
fore does not give fine distinctions, and can serve only as a makeshift. 

The nitroglycerine made in the experiments is used in the nitro- 
glycerine plant, otherwise it must be immediately destroyed. For 
this purpose it is mixed with an excess of sawdust by means of a horn 
spatula. This mixture is then ignited on an iron plate and burns 
without danger. 

Although the melting point of glycerine is comparatively high, 
17°C, it can usually be subjected to rather low temperatures without 
freezing. Like most viscous liquids, and like nitroglycerine, it 
exhibits the phenomena of supercooling to a marked degree. How- 
ever, if it is stored for a long time in large quantities in the open in 
cold times of the year, or in an unheated place, it frequently crystal- 
lizes to a solid mass of crystals which melt very slowly and remain 
solid in the spring of the year for weeks at a time at temperatures 
around 20°C. For this reason large quantities of it are stored in vats 
heated by steam or hot water, which vats must be closed on account 
of the hygroscopieity of the glycerine. Often steam heated rooms, in 
which the drums of glycerine are placed several days before use, are 
used. The customary iron drums for storing and transporting 
glycerine usually hold from 450 to 500 kg., and are provided with an 
iron screw plug and reinforcing bands. Wooden casks, lined with 
glycerine pitch, formerly used to transport glycerine, gave large 
losses in summer, since glycerine has the peculiar property of sweat- 
ing badly through fine cracks and openings, apparently through 
capillary action. 
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Nitric acid 



The nitric acid should be as concentrated as possible. Its specific 
gravity should be 1.5 (48° B£) and the monohydrate content exceed 
90 per cent. The weaker the nitric acid the stronger must be the 
sulphuric acid (or oleum), or the greater the quantity of the latter, 
in order to give the mixed acid the required concentration. 

A nitrous acid content of the nitric acid does no damage, either to 
the nitration or the quality of the final product. Also, as tests have 
Bhown, it is without effect upon yields, provided the required quantity 
of nitric acid monohydrate is present in addition to the nitrous acid. 
The nitrous acid in the mixed acid is chemically combined with the 
sulphuric acid, and when in this condition it is not an oxidizer at the 
given concentration of acids and at the nitrating temperatures used, 
and takes part in the reaction only in the sense of 2 molecules of N0 2 
with 1 molecule of H£0 4 yielding 1 molecule of free HN0 3 and 1 
molecule of HNO2SO3 (nitrosylsulphuric acid), the latter going 
through the process as completely inert matter and only becoming 



Murdensome on washing the acid oil, or in denization of the spent 
acids. A high content of nitrous acid in the nitric acid is therefore 
undesirable. Commercial nitric acid contains a maximum of 1 
per cent nitrous acid, corresponding to 0.4 per cent in the mixed acid. 



Sulphuric acid 

Just like the nitric acid, the sulphuric acid should be of the highest 
possible concentration. Up until the close of the last century the 
so-called English sulphuric acid, with a specific gravity of about 1.84 
or 66° Be" and containing 96 per cent monohydrate, was used. Since 
that time most of the large explosive plants have made their mixed 
ftcid from fuming sulphuric acid (oleum)^ obtained by the so-called 
anhydride process (contact process) and containing 20 to 40 per cent 
free SO*. A lead sulphate content in this sulphuric acid, which is of 
little importance in the manufacture of nitrocotton, is undesirable in 
this case, because on mixing with nitric acid the lead sulphate pre- 
cipitates in fine crystals, which render the mixed acid cloudly for k 
long time, and only settle to the bottom slowly as lead mud. This 
turbidity hinders the separation of the nitroglycerine. It is there- 
fore advantageous to prepare large stocks of mixed acid and give them 
time to settle, and also to draw the mixed acid out of storage tanks not 
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from the bottom but from some height above the bottom, leaving the 
lead mud behind. 

Mixed acid and its 'preparation. 
Proportions; ratio of acid to glycerine. The chemical equation is : 

1 mol. glycerine -f 3 mol. nitric acid = 1 mol. N. glycerine + 3 mol. HiO. 
92 3 X 63 227 3X 18 

so that 92 parts of glycerine and 189 parts of nitric acid give 227 parts 
of nitroglycerine, or 100 parts of glycerine and 205.4 parts of nitric 
acid give 246.7 parts of nitroglycerine. 

In actual practice, however, a certain excess of nitric acid is neces- 
sary to complete the reaction, because otherwise toward the end of 
the reaction the velocity will fall considerably on account of the great 
dilution of the HN0 3 molecules in the mixture, and finally the reac- 
tion will cease, since as in every esterification, it is reversible, splitting 
off pure nitric acid from nitroglycerine and sulphuric acid. 

The sulphuric acid must be present in such quantities that up to 
the end of the reaction a composition ia maintained which renders 
possible the formation of nitroglycerine. The required quantity of 
sulphuric acid is therefore merely dependent upon the concentration of 
the sulphuric and nitric acids. 

In the course of time several more or less advantageous composi- 
tions and ratios have been tried. For an historical review see 
Guttmann : Die Industrie der Explosivsloffe, page 397, 1895. Sobrero 
used 1 volume of glycerine to 2 volumes of nitric acid of 43° Be" and 
4 volumes of Bulphuric acid of 66° Be, or 100 parts by weight of 
glycerine, 226 parts of 71 per cent nitric acid and 584 parts of sul- 
phuric acid, or altogether 810 parts of mixed acid. Since he used 
only 43° nitric acid his mixture was too low in nitric acid to give 
a theoretical conversion of glycerine to nitroglycerine. It did not 
even contain the theoretically required quantity of HNO s . 

When the manufacture of nitroglycerine on a large scale was com- 
menced 1 part of nitric acid was usually mixed with 2 parts of sul- 
phuric acid, but it was found later that less sulphuric acid could be 
used, and then a mixture of 3 parts of nitric acid and 5 parts of sul- 
phuric acid was commonly used. This mixture had the following 
percentage composition: 
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Sulphunc acid 62 5 

Nitric acid 37 g 

Assuming a 93 per cent nitric acid and a 96 per cent sulphuric acid, 
it is possible to obtain about the following composition of mono- 
hydrates and water: 

HNOj 

H^* go 

5 

Then 700 to 800 parts of such an acid are taken for 100 parts of gly- 
cerine. The use of fuming sulphuric acid (oleum) is of recent date, 
to the production of which the large dynamite plants turned at the 
beginning of the present century, the first of them being Krummcl 
a.d. Elbe, Ardeer at Glasgow, and Modderfontain in Transvaal. 
The oleum usually contained about 20 per cent of free anhydride. 
Naturally, with an acid of such a high concentration, less is required 
to attain the same degree of dehydration, and it is necessary to mix 
3 parte of nitric acid with only 4 parts of such oleum. For example, 
assimiing a nitric acid containing about 93 per eent monohydrate and 
an oleum of about 18 per cent free S0 3 or 104 per cent monohydrate, 
i.e., 100 parts of oleum and 4 parts of water give 104 parts of H 2 S0 4 , 
the composition of a mixture of 3 parts of nitric acid and 4 parts of 
oleum, or 43 per cent nitric and 57 per cent oleum, ean be calculated as : 

«T 

?fO* 59.5 

H *° 0.5 



100.0 

If a somewhat weaker nitric acid is available, an oleum richer in 
anhydride is used. Monohydrate mixtures of similar composition, 
without any water in them, are today considered as most advanta- 
geous by modern plants for the manufacture of nitroglycerine, and to 
attain this high concentration is always the effort of the acid depart- 
ment of the explosives plant. The use of oleum has the advantage of 
giving an appreciably higher yield. Before its use the yield of nitro- 
glycerine in favorable cases amounted to 210 to 215 per cent of the 
glycerine, but today 225 per cent and above is readily obtained. For 
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further details on yields and economy see the section under Economy 
of Process, at the end of the description of the manufacture. In 
the literature these proportions were only recognized some years 
later by the patent application of Nathan and Rintoul, 5 who ob- 
tained 230 parts of nitroglycerine from 100 parts of gryeerine and 
about 620 parts of an anhydrous mixed acid containing about 42 
per cent HN0 3 . Also a still lower acid ratio of about 555 parts of 
an anhydrous acid containing 47.7 per cent HNO s , with 100 parts of 
glycerine was proposed, and said to give a 229 per cent yield. 8 For 
the preparation of an anhydrous acid of this composition an oleum 
containing above 30 per cent free S0 3 is in any case necessary, which 
usually cannot be prepared directly by the so-called contact process. 7 

Preparation of the mixed acids. The mixing of nitric acid with 
sulphuric acid is done in iron or lead containers. 8 The development 
of heat is considerable, and varies according to whether ordinary 
or fuming sulphurie aeid is used. In the latter case it is four times as 
great as in the former, so that the mixing of nitric acid and oleum 
requires special cooling devices to prevent loss of nitric acid by 
evaporation. A homogeneous mixture is obtained without any 
special agitation if the sulphuric acid is allowed to flow from above 
into the whole quantity of nitric acid. The mixing is completed on 
further transportation through pressure tanks and acid pipes with 
gradual cooling. The temperature rise amounts to 20 to 30°C. 

For mixing nitric acid and oleum special apparatus, provided with 
abundant cooling by lead coils 9 or less frequently by cooling jackets is 
used. Mechanical agitation is little used 10 and air agitation is 

6 French patent 366593, J. Soc. Chem. Ind., Nathan and Rintoul, 1908, 
p. 143-205; Z. Schiess- it. Sprengstoffw., 1908, p. 314-6, British patent 6581, 
1906. 

•Today in Germany a mixed acid containing 50 per cent HNOi and 50 
per cent H 2 SOi is ratheT commonly used, or a ratio of 500 kgm. of acid to 100 
kg. of glycerine. The yield obtained is 234 to 235 per cent.— Recent Note 

BY THE AtJTHOK. 

7 This is being done at present in the United States— Translator. 

* Only steel vessels are used in the United States.— Translator. 

* For such strong acids iron or steel coils are always used in the United 
States. — Translator. 

10 Mechanical agitation, or pumping out of the bottom and returning to 
the top of the tank is in practically exclusive use in the United States. — 
Translator. 
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usually avoided because considerable quantities of nitric acid are 
blown out and can only be recovered as a weak acid in towers. This 
causes the initial calculation of the mixed acid to be somewhat 
uncertain. The best arrangement is that where the nitric and 
sulphuric acids run in simultaneously through opposite pipes, giving 
sufficient mixing." The weighed or measured nitric and sulphuric 
acids are in adjacent containers, the oleum in a wrought iron tank, 
the nitric in a stoneware vessel, and from here they flow through 
pipes and regulating valves into a lead mixing tank provided with 
numerous cooling coils and a thermometer. After the mixing is 
completed, the temperature not being allowed to rise above 40°C, 
the mixed acid is run into a pressure tank, from which it is forced to 
the storage tanks. 12 From these a sample is taken and a proper 
addition of either nitric or sulphuric acid is made according to the 
analysis. Weighing of the components and exact maintenance of 
working conditions often make correction unnecessary. A small 
condensing tower is connected with the mixing tank, but with proper 
cooling in the latter the amount of nitric acid obtained from the 
tower is small. The storage tanks are made as large as possible, so 
that they will hold a supply for several days and allow the fine 
crystals of lead sulphate formed during the mixing to separate as 
completely as possible. Storage tanks of 60,000 to 80,000 kg. are 
no rarity. Once intimately mixed the acids can never separate, since 
they are mutually soluble as well as chemically combined with one 
another, as is evident from the great heat developed during the 
mixing, which occurs not only when sulphuric acid is mixed with 
hydrous nitric acid, but also on mixing anhydrous 
or anhydrous nitric acid with sulphuric acid cm 



nmiriii 



11 In the United States the strong nitric acid coming from the condensers 
ib run into an iron tank partly filled with oleum, and the mixture circulated by 
a centrifugal pump through a cooling coil of iron pipe placed in a shallow tank 
of water. This iron equipment lasts for many years with such strong acids. 
The centrifugal pump is immersed in the acid in the tank, no packing glands 
being required, with only the delivery pipe emerging from the tank.— 
Translator. 

u In the United States centrifugal pumps have largely displaced compressed 
air as a meanB of forcing acids through pipes, in order to avoid the large con- 
sumption of compressed air necessary, and the formation of fumes when the air 

"| released, and the necessity of providing numerous absorption towers.— 
Translator. 
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Fig. 4. Diagram of Acijj Mixing Plant 
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On suddenly mixing 40 grams of 99 per cent nitric acid with 60 grams 
of 20 per cent oleum the temperature rises about 80°C, e.g., from 
15° to 95°, with boiling and partial volatilization of nitric acid. On 
the other hand, if 40 grams of 99 per cent nitric acid is mixed with 
60 grams of 96 per cent sulphuric acid the temperature rises only 
about 20°, e.g., from 15° to 35°. It can be assumed that in such a 
mixture the nitric acid is present in the form of its anhydride, i.e., 
that the enormous affinity of oleum to take up water dehydrates 
even nitric acid monohydrate. As a matter of fact, however, on 
heating mixed acid nitric acid anhydride does not distil off, but a 
99 to 100 per cent nitric acid. 

Analysis of mixed acid. The composition and uniformity of the 
mix is determiDed by taking samples from the top and bottom of the 
storage tank, which must give concordant results on analysis. The 
analysis of mixed acids is done in dynamite plants by two methods, 
each of equal value for fresh mixed acids. 

The nitrometer method. In one sample the total acid is determined by 
N/2 KOH, and calculated as sulphuric acid. In a second sample the nitric 
acid is determined by a Lunge nitrometer (fig. 5), the nitric acid calculated 
to Bulphuric acid, and the latter value subtracted from the total acidity, 
giving the sulphuric acid content. The difference from 100 per cent is water. 

For example : 

Total acidity 90.1 per cent II 2 SO« 

minuB HNOs, 40 per cent determined = 31 . 1 per cent H 2 SO< 

= 59.0 percent HjSO* 
40.0 per cent HNO, 
1.0 per cent H 2 0 

100.0 per cent 

The nitrous acid is not determined if its percentage in the nitric acid used is 
known. If it is to be determined in purchased mixed acid a few grams of the 
latter are put into a large excess of water and titrated with N/10 permanganate 
solution until the red color persists for one minute, or better, the concentrated 
mixed acid is allowed to run out of a burette into a definite quantity, e.g., 
25 cc., of the N/10 permanganate solution diluted with water and acidified 
with sulphuric acid, until the color is discharged. In order to determine the 
quantity of acid consumed its specific gravity must be known. To determine 
this exactly 10 cc. of the acid is run into a tared weighing bottle and weighed. 
The nitrous acid is usually calculated as NO s . 

100 cc. N/10 KMoO* solution = 0.46 grams N0 2 or 0.19 grams NiO,. 
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The nitrous acid is reported as such or calculated to nitrosylsulphuric acid, 
HN0 2 SO>, which is justified, wberein2NOi + H s S0 4 - HNO,SO, + HN0 8j or 
only one-half of the calculated N0 2 can be considered as inert. The titration 
can also be calculated to HNOj, where 100 cc, of N/10 KMnO* solution = 
0,235 grams HNOs and the recalculation to nitrosylsulphuric acid becomes: 

HNOi + H,S04 = HNO*S0 3 + H s O- 

The nitrous acid, as well as half of the calculated NO*, is calculated to HNOj 
and deducted from the HNO* found by the nitrometer. 

The nitrometer, 13,14 Fig. 5, consists of a receiver a, measuring tube b, with 
a shaking bulb c y connected with the leveling tube e t by a thick walled capil- 




Fig. 5. Nitrometer 



lary tube Underneath the measuring tube it is an advantage to have a 
small bulb to prevent the sulphuric acid getting into the rubber tube. The 
leveling tube also has a bulb at the bottom, or elBe is so wide that it can easily 
receive all the mercury displaced from the shaking; bulb and measuring tube. 
The shaking tube holds about 100 cc, and the measuring tube is divided into 
tenths between the 100 and 160 cc. marks. A eudiometer without a bulb, 
containing 50 cc, is less suitable for exact determinations. 

The method of analysis, which is based upon the reduction of HNOj by 
mercury and concentrated sulphuric acid to NO and measurement of the NO 
gas, is as follows: 



13 See Lunge-Berl, Chem. -techn. Untersuchungimethodeti, vol. 1. 

14 A compensating bulb, filled with dry air, to correct for barometer and 
temperature automatically, and standardization of the nitrometer by pure 
KNO», is a great help, and widely used in the United States.- — Tbanslatob. 
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The receiver is filled from a pipette with a quantity of mixed acid corre- 
sponding to a volume of NO between 110 and 140 cc, about 0.8 grams in the case 
of 40 per cent HNOj p the mercury being wet with concentrated sulphuric 
acid, and the mixed acid drawn in from the receiver by reduced pressure. 
After the receiver has been washed out three or four times, first with a large 
quantity and then with smaller amounts of sulphuric acid, the apparatus is 
shaken constantly for several minutes until the volume of gas developed 
becomes constant. The gas is then brought to approximately atmospheric 
pressure, a thermometer hung on the stand, and after the temperature has 
become equalized, for example in about fifteen minutes, it is again adjusted, 
and the gas volume, temperature and barometer read. 

The solubility of nitric oxide in concentrated sulphuric acid is not appreci- 
able and can be neglected if an excess of the sulphuric acid is avoided. If too 
much sulphuric acid is used low values will be obtained, and for exact analyses 
it is recommended that a correction be applied. Ten cubic centimeters of 
96 per cent sulphuric acid dissolves 0.35 cc. of NO; 90 per cent acid dissolves 
05 cc., according to Berl, Ckemische-technische Untersuchungsmethoden, 
volume 1, page 160. 

The calculation is according to the following formula, which gives the HNOi 
content of the mixed acid tested directly in percentage: 

Per cent HNO a = —1 , where 6 is the barometric height, v the ob- 

(273+ *)• a 

served gaB volume, t the temperature and a the weight of the acid sample. 

c is the constant for II NO* in the measurement of dry NO, and is equal to 
1.3402 X 30.01 X 273 rt _ , 

63 02 x 760 = 0.1011 (log - 0.00476), where 1.3402 is the weight of a 

liter of NO at 0°C. and 760 mm., in grams, 30.01 the molecular weight of NO, 
63.02 the molecular weight of HNOa, the gases being reduced to 0°C. and 760 
mm. pressure. 

According to Lunge 1 cc. of reduced NO corresponds to 2.8144 mgm. of 
HNOi. 

After the determination the gas is allowed to escape, together with the 
sulphuric acid and mercury salts, and the mercury washed several times with 
water and finally with concentrated sulphuric acid. 

In order to avoid the somewhat troublesome adjustment of the gas, which 
cannot be accomplished by a simple leveling of the liquids because of the great 
differences in weight of mercury and sulphuric acid, and also because at times 
the meniscus does not become sharp promptly on account of bubbles, many 
prefer to transfer the gas through the three-way stopcock g and the bent 
tube k into a second eudiometer filled with mercury, where it can be read off 
immediately after leveling the mercury in the two tubes* 

The nitrometer stands on a low table, protected from air currents and direct 
sunlight. The table has lateral and longitudinal channels leading to a hole 
and a receiver, in order to collect easily any mercury which might be spilled. 

The nitrometer method is characterized by simplicity, speed and a high 
accuracy. The time required for an analysis is lesB than one-half an hour. 
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The limit of error, with some little practice , is below 0.1 per cent HNO*. The 
loss of nitric acid by evaporation and filming during charging is very small 
and does not come into consideration. 

3. Evaporation method. The evaporation method, in which the nitric 
acid loss by evaporation does not come into consideration because the nitric 
acid ia determined by difference, takes considerably longer, about two hours, 
but is just as exact and gives values agreeing well with the nitrometer method. 
Just as with the latter, the total acidity of a sample is titrated and calculated 
as H?50ip while a second sample is fumed off in a platinum dish on a water 
bath until all the nitric acid is driven off- Water is then added, care being 
taken to avoid spattering, and it is again evaporated in order to be sure that 
all the nitric acid is removed- Then the remaining sulphuric acid is titrated 
and the difference calculated to HNOj. Therefore, in this case the sulphuric 
acid is determined directly and the nitric acid indirectly, while in the nitrom- 
eter method the reverse is true. With mixed acids both methods are of equal 
value. With nitroglycerine spent acids, on the other hand, only the evapora- 
tion method gives the true acidity, the nitrometer method including the still 
dissolved nitric esters of glycerine as the corresponding nitric acid is set free 
by saponification with the excess of sulphuric acid. 

Practically, in the analysis of Bpent acids, this is of very little importance, 
since in the denization the dissolved glycerine nitrates are split up, and the 
nitric acid derived from them is recovered as weak acid, together with the free 
nitric acid. 



CHAPTER IV 



Nitration 

The commercial manufacture of nitroglycerine, particularly the 
nitration and separation of the acid nitroglycerine from the spent 
acid, has always been considered one of the most dangerous opera- 
tions in chemical technique, and properly so. To master this 
danger requires the greatest care and conscientiousness, first in 
the choice of the most important raw material, glycerine, and 
secondly in the most painstaking control of apparatus and adherence 
to regulations. Only the best trained, reliable personnel should be 
employed in this operation, and the function of the so-called oil 
superintendent involves high requirements and experience, care and 
conscientiousness. Through high standing of the glycerine plants 
and degree of purity of the product turned out, as well as through 
construction of the apparatus in as perfect a manner as possible, to- 
day the operating danger has been reduced to a minimum, and the 
safety of operation raised to a high standard, so that explosions in 
nitroglycerine plants occur only seldom. 

After a short historical review of the older processes and apparatus 
the following description will deal with this manufacture as practiced 
in general at present in most of the large plants. 

OLDER PROCESSES 

Since at first the requirements were small no one risked the 
nitration of large quantities of glycerine at one time, and at first 
worked with the most primitive means designed to produce the 
product at the point of consumption shortly before use. At this time 
nitroglycerine was used in a liquid state. According to Guttmann 
nitroglycerine was made for many years in the Vogesen stone quarries 
at Zabern by the so-called Kopp process, which did not differ appre- 
ciably from the method described above for the production of small 
quantities of nitroglycerine for laboratory purposes except in being 
even more primitive . The apparatus consisted of merely a stoneware 
jug for cooling and washing, a cast iron vessel for mixing, a measuring 

51 
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vessel of lead or porcelain for the glycerine, an iron rod for stirring 
and a glass filter with a rubber hose and cock for separating the oil 
from the wash-waters and dropping into glass flasks. At that time 
3.50 grams of glycerine were gradually added to 2.8 kg. of nitrating 
acid while being stirred. The niixing vessel stood in the jug of ice 
water, into which the charge was then dumped. The acid water was 
poured off the separated oil, the latter given several washes or 
stirrings, and the water decanted. Finally the superficially washed 
nitroglycerine was separated from the rest of the water in the funnel. 
In this way about 700 grams, or 200 per cent of nitroglycerine was 
obtained, and the operation repeated three or four times per hour. 
Naturally the nitroglycerine could not be pure and was not fit to be 
stored for a long time. 

This method of nitrating in pots was also used in the continental 
plants even in the seventies. A row of porcelain jugs, or even enam- 
eled cast iron or soldered lead vessels, stood in a long trough filled 
with cold water. Above each mixing vessel there was a correspond- 
ing small glycerine vessel provided with a stopcock. The operator 
held a thermometer in one hand, and in the other a glass rod for 
stirring. If the temperature rose too high and decomposition com- 
menced, he quickly plunged the jug into the water. In such a case 
the required personnel was naturally rather large as compared to 
production. In order to reduce this mechanical stirring was intro- 
duced after a time, and a single agitating device used for a row of 
jugs. A wooden rod, extending above all the jugs, carried a vertical 
iron rod for each jug, this iron rod being connected to the front wall 
of the water trough by an eccentric. The forward and backward 
motion of the latter caused a circular motion of the iron rod in the 
mixture. The agitating devices were perfected, and assumed many 
forms. Also the size of the charge increased with increasing re- 
quirements of dynamite, the nitrators becoming larger, and grad- 
ually taking the form of the cylindrical lead vessels solely used to- 
day 1 [in Europe 2 ]. 

A series of ingenious and more or less practical forms of nitrators 
followed in the course of time, as well as in nitrating processes, but 
today they have only historical interest and no complete description 

1 Sheet steel nitrators are in exclusive uBe in the United States.— 
Translator. 

* Recent note by the author. 
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of them can be given here. Gutmann describes them at length, in his 
Industrie der Explosivstoffe, pages 398-405, and they are therefore 
omitted here. An improvement which is in wide use today was 
introduced in 1868 by Mowbray in Massachusetts, namely, agitation 
of the nitrating mixture by compressed air. At many places air and 
mechanical agitation were used simultaneously, until finally the latter 
was almost completely given up. 3 

THE BOUTM Y-FAU CHER NITRATEYG PROCESS 

The nitrating process of the two Frenchmen, Boutmy and Faucher, 
which was used in the French government plant at Vonges for several 
years until 1882, and also to a considerable extent for a long time in 
England, deserves mention. It avoids the danger involved in the 
strong heat of reaction of the nitration, or which was present at that 
time in the then state of the art, by resolving the process into several 
steps, based upon the principle expressed by Berthelot in his book 
Sur la force des malieres explosives as : 

If a system of Bimple or compound bodies under constant volume or pressure 
undergoes a chemical or a physical change, without an external mechanical 
effect being produced, the heat developed is merely dependent upon the initial 
and 6nal state of the system, and is the same no matter what the kind and 
tequence of the changes may be. 

Accordingly, Boutmy and Faucher distributed the quantity of heat 
set free during the nitration into two phases, by first mixing glycerine 
with sulphuric acid to form glycerine sulphate with development of 
heat, and into this mixture pouring a mixture of nitric and sulphuric 
acids. In each of the partial process the heating is relatively mod- 
erate. 

The far stronger and preponderating disengagement of heat occurs 
in the safe operation of mixing glycerine with sulphuric acid. How- 
ever, this stage must be well cooled and a relatively low temperature, 
40°C, maintained in order to avoid the formation of acrolein and 
carbonization of the glycerine, which would prevent the separation 
of the nitroglycerine. The mixing is done in a cast iron trough, with 
a cooling jacket and stirrer and the glycerine sulphate allowed to 
cool completely over night in cooled porcelain jugs. Nitration is 

1 Agitation by mechanically driven paddles has been used exclusively in 
the United States for more than fifteen years— Tkanslatob. 
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done in porcelain jugs standing in a cooling bath, the mixture of 
nitric and sulphuric acids being added gradually while stirring with 
air, and only a slight rise of temperature is encountered. The mix- 
ture is allowed to stand over night, and the acid and nitroglycerine are 
drawn off by a stopcock in the bottom of the jug. 

One hundred parts of glycerine and 320 parts of sulphuric acid arc 
mixed, and a mixture of 280 parts of nitric acid and 280 parts of 
sulphuric acid is added. There is obtained 200 to 205 parts of 
nitroglycerine from 100 parts of glycerine. The process was intro- 
duced on a large scale in Pembrey, Wales, where 680 kg. of nitro- 
glycerine were made in one operation in a single large nitrator.* The 
disadvantage of this process, which far overbalances the advantage of 
low heat evolution in the actual nitration, is the slow separation of 
the nitroglycerine, 5 with the resulting long time required and the 
long time of contact of the nitroglycerine with the acids. Here a 
spontaneous saponification can be started, favored by the action of 
the heat developed, and can lead to violent decomposition or even 
explosion. This action is favored if on mixing the glycerine and 
sulphuric acid the temperature rises too high and the strongly 
dehydrating sulphuric acid causes a carbonization of the glycerine. 
In Vonges, as well as in Pembrey, there were several explosions, and 
the process was finally abandoned. It is not in use today. 

RECENT APPARATUS AND PROCESSES 

Lead as a material of construction 

Today nitration is carried out almost entirely in cylindrical, 
autogenously welded lead vessels. 6 In the manufacture of nitro- 
glycerine the use of iron is avoided insofar as possible, since in case 
of explosion it forms dangerous missiles, while lead apparatus and 
accessories, on account of their softness and toughness, are for the 
greater part found at the center of the explosion as a crumpled mass 
and are less readily torn into far-flying missiles. In America, where 
the official supervision is less strict, nitration is carried out in iron 
apparatus. In Germany this would not be permitted by the authori- 

4 Guttmann, Die Industrie der Explosivstoffe, p. 416. 

6 At that time the undeveloped state of the art of glycerine manufacture 
retarded the separation considerably. 

6 See previous footnote on American practice. — Tbanslatos. 
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ties. The general use of lead as material of construction also has 
other advantages. It is comparatively slowly attacked by the acids, 
and the lead sulphate formed has no harmful effect upon the nitrat- 
ing process or the nitroglycerine. On the contrary, it acts as cling- 
ing, protective coating on the metal walls, protecting them from 
further corrosion, but this is a slight disadvantage in hindering the 
transfer of heat. Cooling coils heavily covered with lead sulphate 
cool poorly and increase the time of nitration because the cooling 
water is then less efficient. The coating of lead sulphate finally 
peels off and the attack on the lead is repeated. The softness of the 
lead also reduces the clanger of a metal-to-metal shock causing an 
explosion of nitroglycerine in the work rooms. This is a further 
reason for avoiding the use of iron and iron articles in nitroglycerine 
rooms insofar as feasible. 

Nitrators 

The cylinder consists of heavy (10 mm.) sheet lead, and should have 
a height about one and one-half times the diameter. With too wide 
cylinders a thorough mixing of the contents by the rising compressed 
air is more difficult and the acids can become stagnant near the walls. 
The lead cylinder has a lead cover with several windows inserted, 
affording a good view of the reactions within. If these windows are 
not used the vapor exhaust pipe can be provided with a lantern in 
order to be able to note the color of the vapors. However, the first 
device is recommended. The cover has openings for glycerine and 
acid inlet pipes, vapor exhaust pipe, thermometer, cooling coil inlet 
and outlet and compressed air inlet. It can be raised, but is usually 
cemented down or fastened with a plastic putty. The bottom of the 
nitrator is somewhat inclined and provided with a large-bore stop- 
cock, cemented in place, so that the products of the nitration can flow 
out rapidly. The apparatus can stand in a wooden tub in which the 
cooling water circulates, or it can have double walls. However, with 
sufficient coil cooling external cooling is superfluous and is not 
generally used today. Double or triple cooling coils of lead pipe 7 
in concentrie form have outlets at the top. The lead pipes can also 
enter through the walls, and have the outlets below, but this is less 
Customary. Soldering or welding is avoided insofar as possible, as 



' Seamless steel coils are used in the United States.— Translator. 
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experience has shown that such joints are most subjeet to attack by 
acids. Moreover, the cooling coils have a shorter life than the rest of 
the apparatus, and if their inlets and outlets are above the walls and 
not welded to the latter they can be replaced after a period, while 
any weld which can come in contaet with nitroglycerine is naturally 

out of the question. 

The compressed air is led in by a light lead pipe, which distributes 
the compressed air into the apparatus a short distance above the 
bottom in various ways, either through a funnel, perforated rings or 
by blowing against a lead sphere, but always through comparatively 

narrow openings. 




Fig. 6. Nitrator (Section) Fig. 7. Nitrator (Exterior) 



It is best to have one pipe leading to the boot of the outlet cock to 
render agitation possible at this point. Two thermometers project 
deeply into the liquid, at different depths, in order to be able to note 
the temperature in both upper and lower parts. The nitrator stands 
on a wooden platform, and a raised step is necessary for the operator- 
Figure 6 is a section of the nitrator, and figure 7 an external view. 

Nitration 

Outside the barricade there are adjacent acid and glycerine sheds. 
From the acid tank the acid Sows into a room where it is weighed or 
measured, and from here into the nitrator by gravity or a pressure 
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tank, according to the contour of the ground. The glycerine tank is 
in a heated shed provided with steam coils, in order to impart to 
the glycerine the degree of fluidity necessary for rapid and fine 
subdivision. If the pipe to the nitrator house is long it is best to 
insulate it suitably and prevent too rapid cooling. The glycerine is 
measured, or better weighed, and flows through a screen, to remove 
any foreign substances, into a pressure tank or direct into a container 
having a sight-glass, from which it flows into the acid or is injected 
into the acid by compressed air. The injector is placed above the 
nitrator. In the latter case the injection can also be done directly 
from the pressure tank. Since in case of explosion it forms a heavy 
missile the glycerine container is best left outside the nitrator house, 
and placed behind the barricade. 

a. Addition of glycerine. The method of feeding the glycerine into 
the acid mixture has received a great deal of attention in the past. 
It is very important to obtain the highest possible velocity of sub- 
division in order to avoid local overheating, which can be accom- 
panied by danger of decomposition, even though merely local, and 
also reduction of yield. For this reason various distributors have been 
made which permit the glycerine to flow out on the surface of the 
acid in many fine streams. Recent experience has shown that even 
on a very large scale the glycerine can be allowed to flow into the 
middle of the acid surface in a stream about as thick as the finger 
without danger provided that the acid mixture is properly agitated. 
The best temperature of the glycerine is 30 to 40°C. Appreciable 
differences in temperatures have no noticeable effect on nitrating 
time and yields. As previously stated, the glycerine ean also be fed 
in under pressure. The rate of addition of glycerine is regulated by 
a valve, preferably maintained in a closed condition by a spring when 
not in use and requiring considerable pressure by the hand to keep 
open. When the hand is removed it closes automatically. If the 
operator happens to leave the nitrator on account of some danger 
the glycerine is automatically cut off. The glycerine distributor is 
attached to the glycerine pipe by a rubber hose so arranged that 
after all the glycerine has been added it can be removed. This pre- 
vents any drops of glycerine from falling to the bottom of the nitrator 
after the charge has been run out, mixing with the acid residues on the 
bottom and forming nitroglycerine which could decompose suddenly 
from lack of agitation and cooling. Such cases have been known, 
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where the glass windows of the nitrator were broken. Although 
the danger is comparat ively small, any possibility of decomposition 
must be carefully avoided on account of the ease of propagation of 
the explosion to adjacent small quantities of nitroglycerine. Injec- 
tors have been made of stoneware, porcelain or of metal carefully 
covered with lead, which when placed beneath the surface in the 
lower part of the nitrator feed the glycerine into the adds under 
pressure by compressed air. The distribution is rapid and thorough, 
with vigorous agitation, yet these injectors require frequent repairs, 
and the point where they enter the nitrator is a source of anxiety. 8 

b. Preparation. After making all preparations, particularly the 
testing of the safety devices to be described later, and coating all the 
earthenware cocks with paraffin oil, the nitrating acid is allowed to 
flow into the nitrator, which is filled one-half or at most two-thirds 
full to cover the cooling coils. The cooling water* is turned on to the 
coils, and the addition of glycerine commenced as soon as the acid 
has become sufficiently cooled (below 20°C.) and is being sufficiently 
agitated by control of the compressed air valve. 

c. Agitation by compressed air. The compressed air comes from a 
compressed air tank, called an "oil separator," outside the barricade, 
which serves to remove the particles of machine oil in the pipe from 
the compressor and also to separate the water from the compressed 
air. It also maintains the pressure constant during the operation. 
The compressed air is usually at 4 atmospheres, because a pressure 
as high as this is often required to transport the acid in these plants 
to different elevations. Such a pressure is by no means necessary 
for agitation in the nitrator, but large apparatus requires consider- 
able pressure to overcome the hydrostatic pressure of the dense acid 
mixture and to keep it in vigorous agitation. 

The previously customary mechanical agitation has been aban- 
doned to-day except in a few cases, as in America. The only dis- 
advantage of air agit ation is that during the nitration an appreciable 
quantity of nitrie acid is driven off by the compressed air and carried 
away with it, and thus removed from the reaction. The fumes are 
drawn off through a vent pipe by an exhauster, thus preventing 

* This is avoided by the use of mechanically driven paddles— Trans latob. 

a Calcium chloride brine at —23 to -18 0 C. is almost universally used in the 
United States. When circulated within steel cooling coils this gives a good 
heat transfer and rapid cooling.— Translatok. 
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the acid vapors from escaping into the open room from leaks in the 
nitrator cover. Since these acid vapors damage the surroundings 
and vegetation they are condensed by a plate tower or similar device. 
Because an excess of water is required for this condensation only 
dilute nitric acid is recovered. Too violent agitation and removal 
of the nitric acid can affect the yields. Laboratory tests in small 
experimental installations show that under uniform conditions a 
normal air agitation gives 1 to 2 per cent lower nitroglycerine yield 
than mechanical stirring. If for any reason, such as a defect in the 
compressor, the compressed air suddenly fails, the addition of glyc- 
erine is immediately stopped and the nitration finished by the use of 
carbon dioxide in place of compressed air, the former being contained 
as a liquid in a pressure bottle always attached to the air pipes. 
Compressed nitrogen is better. 

d. Nitrating temperature. The addition of glycerine is so regulated 
that the temperature of the mixture does not exceed a certain limit. 
If it is desired to complete the nitration within a given time, this 
time is dependent upon the temperature of the cooling water, the size 
of the cooling surfaces and the velocity of circulation of the cooling 
water. However, it is never permissible to exceed a temperature of 
30°C, If, as in hot countries, insufficient cold cooling water is avail- 
able, or water above 20°C, the time of nitration is extended cor- 
respondingly, and the size of the cooling surfaces is made as large as 
possible, the water reservoir cooled by ice, or use made of artificial 
refrigeration with very cold brine. Nitration at higher temperatures, 
even above 40°C, is indeed possible, especially with anhydrous 
mixed acids, and has even been practiced on a small scale. However, 
for various reasons it is not to be recommended and would be danger- 
ous on a factory scale. The yields of nitroglycerine fall with rising 
temperatures, as will be shown later under "Operating Results," 
and above 30°C. this becomes appreciable. In addition to the csteri- 
fication there is always a limited amount of oxidation taking place, 
which increases with rising temperatures. Furthermore, the tem- 
peratures shown by the thermometer point to the possibility of local 
heat centers in the nitrating mixtures of appreciably higher tem- 
peratures, so that with too high average temperatures it must be 
expected that at any possible stagnant point a sudden but transient 
oxidation can occur, which can lead to a violent decomposition, 
usually ending in an explosion of the entire charge. In many plants 
& temperature of 25°C. is not exceeded. With very cold ground or 
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well water, or with very cold river water in winter it is not any 
particular trouble to maintain 20°C. The constantly rising price of 
glycerine in recent times has made even slight improvements in 
yield profitable. It has been found economical to provide large 
nitroglycerine plants with artificial refrigeration, so that brine 
cooled to about — 10°C. can be circulated through the cooling coils 
instead of water. It then becomes possible to nitrate at about 12°C. 
with an improvement in yields of about 3 to 4 per cent. Lower 
temperatures cannot be used, because otherwise there would be the 
possibility of the nitroglycerine freezing, which would cause un- 
desirable complications. 10 

e. Tittle of nitration. The time taken by a nitration depends 
naturally upon the size of the cooling surfaces and the temperature 
of the cooling water. As a rule it also increases somewhat with the 
size of the charge. The usual apparatus allows a charge of 100 kg. 
of glycerine to be nitrated at 30°C. in about twenty minutes with a 
water temperature of 10 to 12°C. Moreover, the initial temperature 
of the mixed acid is not without effect, so that in winter the time of 
nit ration is somewhat shorter on account of the acids being stored in 
the open in cold places. 11 

Size of the charge 

The size of the charge varies widely according to requirements. 
The normal charge is 150 to 250 kg. of glycerine for most German 
plants.' 2 In Moddcrfontain, Transvaal, 400 kg. of glycerine is 
nitrated with about 2600 kg. of mixed acid and about 900 kg. of 
nitroglycerine produced in one operation. In some American plants 
as much aB 450 kg. of glycerine are nitrated at once. Even here 
the time taken by the operation is little more than half an hour. 

Decomposition; safety devices; safety {drowning) tank 

In former times decompositions and even explosions in nitration 
were frequent. To-day these, especially considering the amount 

10 With the almost universal use of diglycerine mixtures, lower temperatures 
of nitration, with correspondingly better yields, can be employed, such as 5 
to 7°C. being usual in the United States. — Translator. 

11 Particularly true in States along the Canadian border, where -30°F. 
J9 encountered. — Translator. 

u 500 kg. is usual in the Unites States, requiring about fifty minutes. — 
Translator. 
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produced, are very rare and can only be explained by gross careless- 
ness or poor materials. Impure glycerine, formerly a frequent cause 
of decompositions, can hardly ever occur now because the technique 
of glycerine distillation has reached a high plane. Formerly de- 
compositions were possible as a result of leaks in the apparatus, 
particularly in the cooling coils, thus allowing water to enter the 
charge and heat it suddenly. For this reason nitrators and cooling 
coils are tested at least once a day for leaks, and the nitrator allowed 
to stand over night under water pressure with the bottom outlet 
closed so that in the morning a defective spot will be revealed by the 
water which has collected. It is also important for the safety of the 
operation to have the water circulation so arranged that the water 
in the cooling coils within the nitrator is under suction. Aside from 
the insertion of an intermediate reservoir to prevent the total water 
pressure exerting any high pressure upon the cooling coils, suction 
can easily be arranged in a hilly location by using a syphon outlet 
as long as possible and having its outlet under water. If its diameter 
is greater than that of the cooling coils even a considerable positive 
pressure of the cooling water above the nitrator can be equalized or 
converted into a suction. With the aid of a small brass valve on the 
the inlet and outlet of the coils it can be told whether there is pressure 
or suction in them. By a stopcock in the outlet beneath the ap- 
paratus it becomes possible in all cases to hold water pressure in the 
coils during any pause in the operation to test for leaks, for example 
over night. 

In spite of all these precautions it is advisable to change the coils 
as well as the entire nitrator after a certain number of runs, without 
regard to its apparent condition. The cost of doing this is not high 
as compared to the increased safety. 

The operators are required to watch constantly the glycerine feed, 
the thermometer, the agitation of the mixture and the color of the 
escaping vapors. Should the temperature rise unduly in spite of 
careful operation the glycerine is shut off and all air valves opened 
wide. If the temperature still rises in spite of this, or if a decom- 
position starts, as evidenced by the deep red color of the vapors, 
the operator must quickly open the exit cock leading to the safety 
(drowning) tank and leave the building. 

Safety (drowning) tank. For such cases a so-called safety (drown- 
ing) tank is provided, either beneath the apparatus in the lower part 



62 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



of the nitrator house, or outside of it. Such a tank may be a pit of 
cement or masonry, or a wooden tank lined with sheet lead. Since 
in case of need the diluted acids never remain in it long, mere wooden 
tanks are sufficient. The tank should be large enough so that when 
it is half filled with water the amount of water is' four to five times 
the quantity of the acid to be diluted. The bottom is somewhat 
inclined, and at the lowest part there is a stoneware stopcock to 
allow the accumulated nitroglycerine to be drawn off. Air agitation, 
water inlet and overflow are provided, to give proper mixing and 
change of water at the spot. The water is renewed from time to time 
to avoid any possible vegetable growth. Moreover, the air agitation 
is tested by turning it on occasionally. If, as is usual at many 
places, the tank serves as a drain for the wash-waters from the 
nitrator and separating funnel, it is cleaned of lead mud every month 
to prevent the air holes in the agitator from becoming stopped up 
just when needed, as may otherwise happen, and allow the heavy, 
concentrated acids to remain unmixed with the water at the bottom 
and finally cause a saponification of the nitroglycerine from lack of 
water due to lack of agitation, which in such a case can lead to an 
explosion of the nitroglycerine under the water in the drowning tank. 

This drowning tank should be used only in case of actual danger. 
Drowning of the charge is accompanied by the development of large 
quantities of nitrous acid vapors, which injure the nitrator building, 
and the removal of the nitroglycerine from the tank is difficult and 
inconvenient. This led Guttmann to the conclusion that the drown- 
ing tank would be better if outside the building. The thin film 
of the decomposing mass in the long pipe which would then be 
necessary would diminish the danger. To this it can be countered 
that this device is to be preferred in case the charge is dropped down 
on aecount of danger in the vicinity, but in case a suddenly decom- 
posing charge is encountered the resistance of a longer pipe only 
retards the drowning, and even a wide, rapid outlet does not exclude 
an explosion in the pipe itself. The drowning tank affords only a 
limited protection in the case of sudden decompositions. It has 
somet imes happened that before the charge had entirely run out into 
the drowning tank, which requires from one and one-half to two 
minutes on account of the large quantity involved, the remainder in 
the nitrator exploded. The device gives very good service in ease of 
danger in adjacent buildings . With an explosion in the vicinity, with 
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threatened injury to the lightly constructed nitrator house, the 
danger from the nitroglycerine present is greatly reduced if the con- 
centrated acids are drowned and the nitroglycerine itself is under 

wateT. 

Automatic drowning of the charge; danger signal. In order to be 
not too dependent upon the presence of mind of the operator in case 
of sudden danger, and to be able to empty the eharge without the 
delay necessary for turning a convenient handle or even during flight 
from the building, an ingenious device has been provided and used in 
most plants. In addition to the outlet cocks on the nitrator and 
separator (see "Separation"), cylinders are used in which a piston is 
moved by air pressure. The piston is connected to the stopcock 
by a lever and chain. All these air pressure cylinders of a nitro- 
glycerine plant are connected to the same compressed air pipe, from 




Fig. 8. Automatic Compressed Air Valve 



which branches lead to the nitrator and drowning tank. When air is 
turned on to these pipes, as can be done from several suitable points 
by an easily operated valve, the cocks of all the nitrators and separa- 
tors immediately open and the acid charges fall into the drowning 
tanks, in which they are agitated by compressed air. This air pipe 
passes through all the rooms in the danger area and on each branch 
carries a signal whistle to inform everyone of the threatening danger 
in an adjacent room, so that they can hurry through the tunnels 
through the earth barricades to the outside of the wall. The air 
pipe also passes through the shelters in the barricade, so that the 
safety device can also be operated from here in case the operator 
has omitted this in his hurried flight. 



Lessor, government and commercial councilor, considers this device 
capable of being improved, since even with the most careful placing of the 
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air pipes under ground they can be injured by an explosion in one of the 
buildings, for example the mixing room, so that they become inoperable- 1 * 
He therefore considers it better to maintain the cylinder constantly under 
pressure, so that the piston will move as soon as the pipe is opened or broken. 
In the latter case the action is automatic. In order to be able to give the 
necessary alarm signal in all the rooms it would be necessary to have a second 
hand valve on a special air pipe. The device is readily understood by refer- 
ence to figure 8* A Bpiral spring presses the piston to the left against the 
packing ring a. The compressed air enters at c and through the fine Blits 66 
behind the piston also. If the compressed air pipe is broken, or if an air 
valve on it at any point is opened, the right side of the cylinder is opened, and 
from the left side of the cylinder the compressed air is unable to escape rapidly 
and pushes the piston to the right, so that the packing is then taken care of by 
the rings- To reset it, the left side is emptied by the valve d. With this de- 
vice two pipes are necessary, because the air for stirring the nitrator must 
come from a special pipe. 

In case of failure of the air agitation from a defect in the pipes or the 
compressor a large compressed air tank is provided in the vicinity 
of the nitrator and wash-house, which will last a certain time at 
least, and on the other hand flasks of liquid carbon dioxide are 
planed at suitable points in the nitrator house and beneath it. The 
use of the latter seems somewhat a question because when their 
valves are opened rapidly, as in case of danger, they freeze easily. 
Lessor therefore recommends compressed nitrogen in place of carbon 
dioxide. 

Every day, before beginning the operations of filling the nitrator, 
the safety devices are tested for smooth operation. Often it is a 
regulation that the work for the day shall not be started until the 
supervising chemist has personally teBted them. 

Completion of nitration; letting down the charge 

When all the glycerine has been added the glycerine valve is shut 
off, the rate of stirring cut down and stirring continued for a few 
minutes in order to be sure that the mixture is homogeneous in all 
parts of the nitrator. Then the chain of the safety device is re- 
moved from the stopcock, the nitrator connected to the separator 
either by a knee-shaped, wide lead pipe or by a solid connection by a 
valve of corresponding size, and while continuing to stir gently the 
charge is run down into the separator, which requires from one and 
one-half to two minutes. 

" Z. Schiess- u. Sprengstojfw., 1907, p. 48. 
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Supplement: Patent literature on nitration. German patents 6208 (1878) 
to Kurtz, for the introduction of glycerine beneath the acid by a distributor, 
with air agitation and continual drawing off of the nitroglycerine, and sup- 
plement 8463 for making an emulsion of glycerine by air. Continuous nitra- 
tion is unattainable in practice. 11141 (1880) to Engcls for a portable device 
for the manufacture of nitroglycerine . 17568 {1881 ) to Schilling for a glycerine 
distributor. 29130 (1883) to Schroder for apparatus for the manufacture of 
nitroglycerine by blowing in the glycerine from beneath the surface of the acid, 
together with the compressed air. 51660 (1889) to Siebert for addition of 
ammonium nitrate or ammonium sulphate to the nitrating acids (in practice 
of no effect or purpose). 183183 (1902) to Evers for a process and apparatus 
for the continuous production of nitroglycerine by mixing the nitrating acid 
and glycerine by the use of a suitable spray nozzle (not known to have had any 
practical use). 195231 (1904) to Dynamit A. -G. vorm. Nobel A Co. (or Zcntra- 
stelle fur wiss. -techn. tJntersuchungen, Neubabelsberg) for a process using 
instead of fresh nitrating acid a portion of the spent acid from the previous 
operation, revivified to the original composition. Comparatively weak acids 
were used, e.g., 60 per cent H-SG lp 30 per cent HN0 3 , 10 per cent H.O, in cor- 
responding excess, to render the nitration smoother and less dangerous and 
bo obtain relatively good yieldB (225 to 226 per cent), beeause the glycerine 
Bulphate remained in the spent acid and because at the low concentration 
the unconsumed glycerine in part again entered the next operation. For 
revivification, however, high strength oleum was necessary, and it was pref- 
erable to use oleum at the start to produce a highly concentrated nitrating acid 
and so obtain better results. For this reason the patented procesB has found 

no practical application. 

British patents 1813 (1864) to Alfred Nobel for the manufacture of nitro- 
glycerine and use of same in the explosive art. 1919 (1878) to Huntley and 
Eesscl for the nitration of glycerine with &} parts of a mixture of 670 parts of 
sulphuric acid and 350 parts of sodium nitrate. 7433 (1884), corresponding to 
German patent 29130, which Bee. 13907 (1889) to La Compagnie Foreite, for a 
nitrator having good temperature regulation. 15983 (1901) to Nathan, Thom- 
son and Rintoul, for a nitrator also serving as a separator. 2776 (1905) cor- 
responding to German patent 195231, which see. American patent 913653 
covers the Bame thing. 

French patent 366593 (1906) to Nathan, Thomson and Rintoul for the use 
of fuming sulphuric acid in the manufacture of nitroglycerine. 
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Separation 

The nitroglycerine formed is as good as insoluble in the spent aeid 
mixture, which consists of 72 to 74 per cent H 2 S0 4 , 9 to 10 per cent 
HN0 3 and 16 to 18 per cent H z O, and after the nitration is finished 
it forms with this spent acid a more or less fine emulsion. On 
account of the differences in specific gravity the nitroglycerine rises 
to the surface of the acid after a certain time. 

INDIRECT SEPARATION 

In the first nitroglycerine plants no value was placed upon the 
recovery of the acids and the nitroglycerine was separated from 
them by merely allowing the whole charge to run into a large excess 
of water, whereupon the heavy nitroglycerine immediately settled 
to the bottom and the water and acids were separated by decanta- 
tion. According to Guttmann, large, wooden tanks, usually lined 
with lead, were used for this purpose, often as large as i meters in 
diameter and 2.5 meters high, half filled with water. The mixture 
was let in slowly while stirring with wooden paddles, or a number of 
perforated wooden plates fastened to a vertical shaft were moved 
back and forth. The bottom of the tank was inclined, and at the 
lowest point there was a stoneware stopcock to draw off the nitro- 
glycerine. On drowning the charge considerable heat was developed, 
which was controlled by a thermometer to avoid any dangerous rise 
in temperature. At times the drowning tanks were so arranged 
that they could also be used for the separation. 

In indirect separation all of the spent acid is lost beeause of the 
great dilution with water, and the large quantities of strongly acid 
water go into the ground or streams, whieh can cause trouble for the 
plant, depending upon its location. Moreover, considerable quan- 
tities of nitrous gases are evolved, which injure the workmen and the 
vegetation. For reasons of economy as well as hygiene, indirect 

separation was gradually abandoned, and today is completely given 
up. 

fie 
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DIRECT SEPARATION 

In the manufacture of nitroglycerine on a large scale attempts were 
made at first to skim off the nitroglycerine floating upon the aeids 
by wooden ladles, but this was troublesome and inconvenient and 
was given up on account of accidents. Direct separation was not 
adopted generally until about 1877. 

Remarks on the process 

With the difference of specific gravity of 1.6 for nitroglycerine and 
about 1.7 for spent acid the mixture should separate rapidly, and as 
a matter of fact with very pure raw materials there is a very rapid 
separation, becoming complete in small laboratory charges with 
mechanical agitation in a few moments and with large factory scale 
charges in about ten minutes. However, small amounts of im- 
purities in the glycerine, such as fatty acids or mucilaginous or 
colloidal substances or finely divided lead sulphate in the acids, 
hinder rapid separation, aside from the. intimate emulsion formation 
due to the air agitation. With large charges separation as a rule 
takes twenty to thirty minutes, but under unfavorable conditions it 
can take much longer. Governing factors of time of separation are, 
within certain limits, the temperature of the mixture, the shape of the 
separator, and the size of the charge. In general, large charges 
require a longer time for separation than small ones. With shallow 
separators and thin layers a shorter time is required than with deep 
ones, on account of the shorter path which the slowly moving par- 
ticles of nitroglycerine have to traverse. The effect of temperature 
is appreciable. Warm charges separate more quickly than very cold 
ones because of the reduced internal friction of the former. For this 
reason, even with artificial cooling and a nitrating temperature of 
12 to 15°C., at the end of the nitration the temperature is preferably 
allowed to rise to 18 to 20°C, so as not to make the separation too 
difficult. However, the effect of this factor is comparatively small as 
compared to the retarding influence of the first-mentioned impurities 
m the glycerine or suspended in the acids. This delay with turbid 
acids, poorly separating nitroglycerine, or both, has often seriously 
limited the output of a plant, and in stormy years or in times of 
frequent storms has caused much trouble because in storms the 
manufacture of nitroglycerine ceases and the operators go to places 
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of safety, but on the other hand it is not allowable to leave a charge in 
the process of separation without supervision. For this reason 
much study has been given to separation, and attempts have been 
made to shorten artificially the time taken in separation. This was 
first accomplished by a process invented by the author, patented in 
1904 1 by the Dynamit A.-G., in which small quantities, e.g., 0.5 to 
2 parts per 1000 parts of glycerine, of aliphatic hydrocarbons like 
paraffin, vaseline, paraffin oil, or high-molecular fatty acids like 
stearic acid, were finely subdivided either in the glycerine or in the 
acids toward the end of the nitration, which by a true surface effect 
favored the separation of the emulsion and facilitated the rise of the 
drops of the nitroglycerine through the acids. A requirement of 
effectiveness is that sueh added compounds shall not be soluble in 
either the glycerine or the acids and shall be unchanged by the 
latter. This requirement is met by the paraffin hydrocarbons at the 
temperatures in question. Moreover, commercial paraffin oil or 
vaseline contains some aromatic hydrocarbons. These are nitrated, 
and because of the small amount present they dissolve in the acids 
completely. The preponderating amount of the undissolved ali- 
phatic portion arises with the nitroglycerine and is later washed 
away when the latter undergoes the washing treatment. This pro- 
cess has been used ever since by the Krummel dynamite plant, for 
example, where the small amount of 100 cc. of paraffin oil is added 
to a charge of 250 kg. of glycerine and about 1600 kg. of mixed 
acid, and the time of separation reduced from the normal time of 
thirty to forty minutes to fifteen to twenty. Usually the main 
quantity of the nitroglycerine separates after five to ten minutes, 
so that in case of danger from storms the latter can be run off very 
rapidly and put under water, but with such a rapid separation there is 
a somewhat increased after-separation. 

A year later, in 1905, the Eastern Dynamite Company, Wilming- 
ton, Delaware, 2 patented another process for the same purpose. 
According to the claims of this patent glycerine or the acids in many 
cases contain small quantities of dissolved, colloidal silicates or 
silicic acid, which retard separation. By addition of a correspond- 
ingly small quantity of hydrofluoric acid or a fluoride, e.g., sodium 

i German patent 171106; British patent 13562, 1904. 

* German patent 181480; British patent 20310 19050 United States* patent 
804817 to Charles IteeBe. 
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fluoride, it is claimed that the silicic acid is converted into silicon 
tetrafluoride and eliminated, and thus the retarding action upon the 
breaking of the emulsion is avoided. The explanation of the reaction 
is not at all satisfactory from a chemical standpoint, because it must 
be assumed that the concentrated acids break up the gelatinous 
condition of any silicates or silicic acid present by the removal of 
water, and any traces of amorphous silicic acid could hardly exert 
any appreciable effect upon the time of separation. The results 
obtained with this process, which was also frequently used in Ger- 
many, were variable and often questionable. The explanation of 
these conditions was shown sometime later by the process claimed in 
German patent 283330 (corresponding British patent 14586 of 1921) 
issued to the Rhein. Dynamitfabrik Koln. It was shown that 
chemically pure sodium fluoride did not give this reaction, but only 
the commercial grades of the salt which contained considerable 
amounts of impurities in the form of silicic acid or silicates. Exact 
observations by the Opladcn plant of the Rhein. Dynamitfabrik 
Koln showed that the improvement in the separation is no way due 
to a negative action in destroying the gelatinous silicic acid, but to 
a positive effect due to the development of gaseous silicon tetra- 
fluoride during the separation. The patented process consists in 
adding to the charge toward the end of the nitration small quantities 
of fluoride and silicic acid or salts of hydrofluosilicic acid. The 
bubbles of silicon tetrafluoride gas, by rising in the separator, favor 
the separation of the nitroglycerine. In the practical use of the 
process an intimate mixture of sodium fluoride and kieselguhr is 
added just before the end of the nitration. If added at the beginning 
of the nitration no effect is noticed, since the silicon tetrafluoride is 
thus developed during the nitration and blown out by the compressed 
air, which is a striking proof of the fact that it is just these gas bubbles 
which aid the separation. The development of silicon tetrafluoride 
gas is according to the following equation: 

4 NaFl + SiO: + 2H,S0 4 = SiFl, + 2Na 2 S0 4 + 2H s O 

Or 

N ai SiFl* + HSO t = SiFl 4 + 2HFL 

In the latter case the excess hydrofluoric acid can be utilized by a 
corresponding addition, e.g., 10 per cent, of silicic acid, which may be 
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in the form of kieselguhr. Ten to fifteen grams of sodium fluosiKeate, 
or a mixture of sodium fluoride and kieselguhr corresponding to the 
above formula, are sufficient for a charge of 100 kg. of glycerine. 
The action is similar to that of paraffin oil. Both processes are also 
used simultaneously. 

According to German patent 249573, issued to the Westfalisch-AnhaltiBche 
Sprengstoff A.-G., Berlin, in 1911, separation of nitroglycerine is also facili- 
tated by the addition of email quantities, e.g. 0.02 to 0.05 per cent, of silica tea 
like kaolin or talc. The reason for the action in this case is not clear. Tests 
made by the author in this connection gave an opposite effect. Still another 
process for shortening the time of separation of nitroglycerine is that of the 
British patent 18597 of 1907 issued to J. V. Lehmann, in which an electric 
current is passed through the separating charge. The resulting electrolysis 
causes bubbles of gas, which rise to the surface, and are said to favor the 
separation of the nitroglycerine. Nothing is known regarding the practical 
use of thiB process. Certainly no one would be inclined to increase the danger 
of the operation by using an electric current. 

Apparatus 

The separator most frequently used consists of a rectangular vessel 
of heavy sheet lead, with an inverted, conical bottom (fig. 9). This 
rests on a strong wooden support, and is covered with a flat or raised 
cover consisting of a cast iron or lead-covered framework in which 
glass windows are inserted to afford free observation of the whole 
surface of the charge. The inlet pipe passes through an opening 
in the wall of the separator. A fume pipe leads from the center of 
the cover, into which compressed air is blown to eject the fumes, and 
a thermometer extends from the cover down into the liquid. Usually 
there is also a lead pipe reaching to the bottom, through which com- 
pressed air can be blown in case irregular, spontaneous heating is 
encountered. At the base of the conical bottom there is a lantern, 
so that it can be seen when the cloudy acid gives way to the clear, 
yellow nitroglycerine as the acid is being drawn off. This lantern is 
connected to a wide pipe having one or more stopcocks. The device 
can be so operated that one stopcock is connected to the pipe leading 
to the after-separator, a second to the pre-wash tank or wash-house, 
and a third direct to the drowning tank. Frequently, however, there 
is only one stopcock provided, which by means of a movable, wide, 
knee-shaped lead pipe can be connected to the three outlets described 
alcove. During the separation the stopcock is connected to the 
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drowning tank and so joined to the safety device, described in the 
chapter under nitration, that by the operation of the latter the charge 
flows down into the drowning tank. Frequently there arc to the 
right and left, beneath the separator, long boxes covered with glass 
windows, into which the above-mentioned knee-shaped lead pipe can 
be inserted through an opening in the cover. One of these boxes is 
for acid and another for the nitroglycerine. From these two inter- 
mediate boxes pipes lead to the after-separator and to the wash house. 
It is determined by calculation and experience to what height the acid 
level will reach after the separation, and where the line of separation 
between the acid and the oil will be in the course of normal operation. 




Fig. 9. Nitroglycerine Separator 



There is a notch cut in the front wall of the apparatus, and a lead 
frame welded around it into which a glass window is inserted. This 
permits of exact observation of the course and end of the separation. 
At first the nitroglycerine is seen to rise in large, and later in small 
drops, until the layer of oil reaches the level of the window. The 
Ime of separation at first grows like a tree, and then is seen to break 
and finally form a sharp line. If in the course of minutes the oil 
layer does not increase noticeably the separation is finished and 
withdrawal of the acid layer and oil is started. Usually the latter 
flows to a pre-wash tank, where it is vigorously agitated by com- 
pressed air in cold water before it flows to the wash house and 
stabilising tank. One of the above-mentioned lead boxes beneath 
the separator can be used as the pre-wash tank, as it is always filled 
with water and provided with air agitation. 
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In many plants a small stopcock is provided at about the height 
of the Hue of separation, through which the main quantity of the ni- 
troglycerine is drawn off immediately after it separates and allowed 
to mn into a pre-wash tank near the separator. This has the 
advantage that the whole quantity of acid nitroglycerine does not 
stand for a long time over the acid, and in case of any possible heat- 
ing or local decomposition there is only a small quantity of acid 
nitroglycerine present- Moreover, the reduction in the thickness of 
the layer of oil facilitates further rise of drops of oil. After almost 
all of the oil has been drawn off the acids are allowed to run out 
through the stopcock at the bottom, the oily residue collected in 
suitable buckets and added to the pre-wash tank. 




Fig. 10. Displacement Separator 

Displacement separator 

The advantage of not having to wait for complete separation when 
drawing off the acid and nitroglycerine, but instead drawing off the 
acid nitroglycerine as it separates from the spent acids and bringing 
it under water, has been attained in recent times by another form of 
separator, shown in figure 10. 3 This cylindrical vessel resembles the 
after-separator tank to be described later, as well as the combined 
nitrator-separator of Nathan, Thomson and Rintoul, which will 
also be described further on. The cylinder is made of heavy sheet 
lead, has a conical cover of the same material, which is joined to a 
wide lead pipe provided with a lantern from which a bent lead pipe 
leads off at the side of the pre-wash tank or wash tank. Like the 
other vessel it is provided with a thermometer. At the bottom there 
is a lead pipe with a stoneware stopcock leading to the drowning tank 

' This is never used in the United States —Translator, 
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or after-separator. A branch of this lead pipe leads to an elevated 
lead tank filled with spent acid, which is controlled by a third stone- 
ware stopcock. When this latter stopcock is open acid of the same 
composition as that in the separator runs down from the elevated 
tank into the separator, raises the level of the charge and displaces 
the separated nitroglycerine through the overflow into the wash tank. 
At first the separator operator waits a few minutes until a certain 
quantity of oil has separated clear, and then he gradually displaces 
all of it as it separates. This can be observed through the lantern. 
During the time of separation the displaced portion of the nitroglyc- 
erine is constantly washed with cold water by air agitation. Thus 
time is saved and a complete separation by means of a simple, con- 
venient method is attained, and at no time is a large quantity of 
strongly acid nitroglycerine held for a long period over the acids. It 
also avoids subjecting a surface of acid nitroglycerine with the im- 
purities from the glycerine floating on it to air for a long period. 

Combined nitrator-separator process of Nathan, Thomson and Rintoul 

In British patent 159830 (1901), and 3020 (1903) Nathan, Thom- 
son and Rintoul described an apparatus and a process which has been 
in use since that time in the English government powder plant at 
Waltham-Abbey. In this process nitration and separation take 
place in the same apparatus, and the device used at other places 
for the after-separation is thereby avoided or rendered superfluous 
in that after the end of the separation and withdrawal of the nitro- 
glycerine a small quantity of water, about 2 per cent, is added to the 
spent acids while being agitated with air, which is of no importance 
as regards recovery of the acids but which on the other hand causes a 
sufficient change in the composition and such a displacement of the 
relations of the components governing the formation and separation 
of the nitroglycerine that no subsequent formation and separation of 
nitroglycerine can occur. The spent acids so treated can be stored 
at any place, shipped, or sent directly to the denitrator. Figure 11 
shows the apparatus in plan and section. It has the external form 
of the usual nitrator, and combines this with the principle of the 
separator for the displacement process just described. 4 

The inlet for the nitrating acids is not, as is customary, at the 

* This 13 never used in the United States.— Translator. 
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top, but by way of a pipe connected to the lowest part of the ap- 
paratus. This pipe has three branches, one (b) which leads to the 
denitrator or to the spent acid pressure tank, the second (c) to the 
drowning tank, and the third (d) extends upward and divides into 
two branches, one leading to the nitrating acid supply tank, the 
other to an elevated tank containing spent acid. The acid pipe 




Fig. 11. Nathan-Thomson-Rintouii Combined Nitrator-Separator 

■r 

leads downward for the first 30 cm., so that during agitation no 
nitroglycerine can reach the upright portion. Cooling coils, air 
agitation and a thermometer are provided as usual. The conical 
cover with dome, window and overflow to the pre- wash tank cor- 
respond to the device just described in the displacement-separator 
process. The vapor pipe (m) is connected to the lead pipe h as the 
overflow for the displaced nitroglycerine. The nitration is carried 
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out as usual, and then after shutting off the air agitation, cooling and 
waiting a few minutes, the separation is made in the nitrator itself, 
just as in the displacement process, by gradually allowing the spent 
acid from the previous operation to run in slowly from below. This 
absolutely avoids the necessity of passing acid nitroglycerine through 
a stoneware stopcock. After all the nitroglycerine has passed over, 
and the sharp line of separation appears, a small amount of spent 
acid is drawn off to avoid spattering during the agitation, and a little 
water added gradually while still stirring, 2 per cent of the weight of 
the spent acid being sufficient, as experience has shown. This raises 
the temperature 3° for each per cent of water added. It is then 
mixed for a while by air until the temperature again falls and the 
level again raised by adding spent acid from the elevated tank until 
the nitroglycerine overflows. After again waiting a short time until 
any nitroglycerine which might be clinging to the walls of the vessel, 
or between the cooling coils, has collected above, this is also dis- 
placed. The spent acid is then absolutely free from nitroglycerine, 
and is drawn off into the pressure tank. From this pressure tank as 
much of it is forced into the elevated tank as is required in the next 
operation for displacing the nitroglycerine. 

The after-separator, described further on, is absolutely avoided 
by this process, and in Waltham-Abbey there are now no after- 
separator buildings. 4 This addition of water can naturally also be 
used in other separating processes. 

Hie combined nitrator-separator process avoids the special sepa- 
rator and the difference in elevation between the nitrator and sepa- 
rator otherwise necessary. No other advantage is evident. In par- 
ticular it cannot be seen why, as has been frequently stated, better 
yields should be obtained than with other processes using individual 
separators. On the contrary, with elimination of the after-separator, 
and a normal period of operation, a portion of the yield must be 
sacrificed, which yield would be obtained on allowing the spent acids 
to stand for several days in the after-separator building. As a rule 
this amounts to several per cent of the glycerine, but is dependent 
upon the quality of the latter, and as a rule more than pays the 
operating costs of the after-separator house. 

s After-separators have not been used in the United States for many ycara.— 
Translator. 
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Purification of Nitroglycerine 

The nitroglycerine coming off the separator is still considerably 
contaminated by concentrated acids, for the most part dissolved in 
the nitroglycerine. The amount of this contamination is approxi- 
mately 10 per cent, so that the crude, acid nitroglycerine, when com- 
pletely washed and neutralized, loses 10 per cent in weight. The 
composition of the acids dissolved in the nitroglycerine does not 
correspond to that of the spent acid. When using fuming sulphuric 
acid the spent acid will contain about 74 per cent HaSOi, 9 to 10 per 
cen t HNO* and 16 to 17 per cent H a O, or a sulphuric-nitric acid rela- 
tion of 9 : 1 , but the nitroglycerine contains mainly nitric acid, so that 
on neutralizing the acid wash-water with ammonia and evaporating 
the salt solution a salt mixture is obtained containing about 80 per 
cent ammonium nitrate and only 20 per cent ammonium sulphate. 
Therefore the acid wash-water contains sulphuric and nitric acids in 
the proportion of 1 :4. 

While the main quantity of acid can be easily washed out of the 
oil by water alone, the last traces of acid are very firmly retained and 
can be removed only by a very intensive purification. The larger 
part of the acid is removed in the so-called pre-wash tank, in which 
the acid oil meets cold water at about 15°C. with vigorous agitation. 
The wash water should not be ice cold, since there would then be the 
possibility of freezing the oil. Due to the high specific gravity, 1.6, 
it settles rapidly to the bottom, and is then drawn off to the wash 
tank, which is usually in a separate building. 

In order to give nitroglycerine the greatest stability possible and 
render it suitable for year-long storage even under unfavorable 
climatic conditions, it is necessary to remove completely all impurities, 
particularly any traces of acids. In former times mechanical agita- 
tion was used for washing, among other things stirrers such as are 
used in butter churns. 1 Later compressed air was used, which today 
is in exclusive use and permits of very simple apparatus. This 

1 Guttmann, Die Industrie der Expiosivstoffe, pp. 422-423. 
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usually consists of a cylindrical lead vessel or a wooden tank lined 
with lead, intended for both operations. Frequently cylindrical 
wooden tanks of pitch pin,e are used, since they are not attacked by 
the dilute acids." Their size is such that the charge of oil fills them 
about one-third full, while the quantity of water used for washing is 
exactly the same as the volume of nitroglycerine. The bottom is 
sloped and at the lowest point there is a stoneware stopcock to draw 
off the washed nitroglycerine. At some distance above the layer of 
oil there are one or more • stopcocks to draw off quickly the main 
quantity of the wash-water. Since the volume of the oil layer dimin- 
ishes during the washing, unless the main quantity of its acid content 
has been removed by a pre-washing, there are usually two such stop- 
cocks arranged at corresponding heights. They are connected by a 
rubber hose to a wooden set tling box or stoneware settling jugs, in 
which most of the floating globules of nitroglycerine settle out on the 
bottom and can be drawn off through stopcocks and returned to the 
wash tank. The latter has a conical cover, like the nitrator. The 
cover has glass windows to afford observation of the interior, and 
inlets for cold, hot water, and soda solution, as well as a fume pipe. 
A thermometer indicates the temperature. A lead pipe leads to the 
bottom of the tank for the compressed air, ending either in a per- 
forated spiral, or blowing the compressed air against the center of a 
lead cone, as described under the nitrator. In order to be able to 
separate the wash-waters, particularly the soda solution, from the 
oil layer as completely as possible after the main quantity has been 
removed through the stopcock, a funnel skimmer is often provided 
(fig. 12). This consists of a funnel having a welded, cross-shaped 
handle and ring. A rubber hose is attached to the pointed bottom 
of the funnel, which leads to a pipe near the bottom of the tank, this 
latter pipe passing through the walls of the tank and having a stop- 
cock on the outside. A rope is fastened to the handle of the funnel, 
passing over a pulley on the roof of the building, and fastened by a 
clamp. If it is desired to draw off the soda solution completely the 
funnel is lowered into the liquid until it is near the surface of the 
nitroglycerine, and the supernatant liquid runs out through the hose. 
Guttmann in 1894 attributed an explosion to the sudden dropping of 
such a funnel weighing 35 pounds on to nitroglycerine heated to 50°C, 

* If pitch-pine is not available, oak has been UBed at times. 
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the latter being naturally more sensitive at this temperature. For 
this reason he recommends making the funnel of thin sheet lead, and 
always holding it up by a counterweight. With charges of uniform 
size, and stopcocks suitably located, the funnel is not absolutely 
necessary. 

Regarding such wash tanks mention should be made of a process 
described in British patent 23871 (1910), in which the otherwise 
necessary difference in levels of the pre-wash and after-wash tanks is 
avoided by placing both side by side and connecting them together 
at the bottom by a pipe. The nitroglycerine can be forced from one 




Tig. 12. Skimmer for Removing Supernatant Wash Water 

to the other by suitable water pressure. This is useful for plants 
built on level ground, where there is no natural fall, and even with 
large charges this permits moderate heights of the buildings. 

While the first, or so-called drowning wash, is always made with 
cold water, 3 several washes with water at gradually increasing tem- 
peratures follow. It can be readily understood that the more fluid 
nitroglycerine at the higher temperatures permits washing out the 
last traces of acids, particularly nitrous acid, more readily than would 
cold nitroglycerine. Cold and hot water are mixed together so that 
the desired temperature is obtained. In the course of three to four 

8 In the United States this wash is at 38 to 43°C— Translator. 
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changes of water the temperature of the charge is raised to 30 to 40 °C, 
at each temperature agitating vigorously for about five minutes, then 
allowing to settle a few minutes, and drawing off the wash-water. 4 
Since it is extraordinarily difficult to remove the last traces of acid 
even with many changes of water, it is quite customary to then 
agitate vigorously for a somewhat longer time (fifteen to twenty 
minutes) with a hot, dilute sodium carbonate solution, the water of 
the solution being added hot enough to bring the entire charge to 
a temperature of about 50°C. 5 With sufficient pre-washing a soda 
solution of 2 to 3 per cent strength is satisfactory. A higher con- 
centration does no good, and wastes sodium carbonate. It can even 
be a disadvantage, because in such a case the nitroglycerine is slowly 
attacked and partly saponified. It has also happened that with too 
much soda and formation of an emulsion from the attack upon the 
nitroglycerine the settling is retarded. On the other hand, the idea 
expressed by Guttmann, for example, that the use of hot soda solu- 
tions is not advisable, is not substantiated. As stated, the low 
strength solution hardly attacks the nitroglycerine, the volatility of 
the latter at 50°C. does not affect the yield, and injury to the operator 
from evaporation of the warm nitroglycerine can be almost com- 
pletely avoided by a proper sealing of the cover and a suitable ejector 
in the fume pipe. Adding soda at the very beginning of the washing, 
as was formerly done at many places, is of no advantage because of the 
violent foaming it causes as long as large amounts of acid are present, 
and gives an unnecessarily high consumption of soda. A red colora- 
tion on adding a few drops of a^i alcoholic solution of phenolphthalein 
shows an excess of soda. This excess must be carefully removed, 
because any soda remaining in the nitroglycerine has an unfavorable 
effect upon the stability, and on the other hand while the nitroglyc- 
erine is freshly-made it can indicate a stability higher than the actual. 
For this reason one or more subsequent washes are given with luke 
warm water after the soda solution has been drawn off as completely 
as possible. The finished oil should then have a completely neutral 
reaction to moist litmus paper. If this is not the case the water 
washes, or even the soda washes, must be repeated. The ease with 
which nitroglycerine can be stabilized to satisfy the various require- 
ments of the heat test is dependent upon the quality of the glycerine 

* Only one water wash is given in the United States.— Translator. 

5 Here the maximum temperature permitted is about 43°C .— Tbanslatob. 
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used. A sample of the finished product then usually goes to the 
laboratory, where it is subjected to the so-called Abel test, which is 
described in more detail uuder "Chemical Properties."* Nitro- 
glycerine intended for the manufacture of explosives for domestic 
consumption is usually considered satisfactory if absolutely neutral to 
litmus. On the other hand, if it is intended for the manufacture of 
smokeless powder it must pass rigid specifications for stability toward 
heat. In this case it must not discolor extremely sensitive zinc 
iodide-starch paper within twenty minutes at 80 3 C. Nitroglycerine 
intended for use in explosives to be sent overseas usually must with- 
stand ten minutes at 72"C. with potassium iodide-starch paper with- 
out bluing (see Abel test). The intensity of the washing depends 
upon this requirement. 

FILTRATION OK NITROGLYCEfilNE 

The washed nitroglycerine is filtered to remove the sli my impurities 
and foreign substances. 7 For this purpose rectangular lead boxes 
with wooden frames or jackets, the covers of which are frames holding 
stretched flannel or felt over circular openings arc used. Frequently 
the filter is covered with a layer of common salt, which absorb a part 
of the slimy impurities and so protects the cloth from too rapid 
plugging up of the pores. Moreover, the salt layer absorbs a part of 
the suspended matter present as an emulsion in the freshly washed oil, 
rendering the oil cloudy. After being used several times the salt is 
dissolved away by water, the oil which the salt had retained sep- 
arates out again, and fresh salt is added to the filter. Also the filter 
must bo washed out with warm water from time to time. It is 
finally burned and replaced by a new one. 

The filter boxes stand directly in front of the wash tanks, the outlet 
stopcocks of the latter extending over the filter frame. The filter boxes 
also have an outlet stopcock at the bottom, usually of hard rubber, 
through which the oil is drawn out into a gutter, from which it runs 
via a lead pipe to the point where it is to be used, for example the 

'The Abel tost was dropped by the larger companies about 19! I in the 
United States. No test is made except for altsolute neutrality, unless in- 
tended for foreign countries. — Transistor. 

'No filtration of nitroglycerine is ever done in the United States. — 
Translator. 
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mixing house. Since such pipes can propagate an explosion from one 
building to another arrangements are made to break the connection 
for a space of at least one meter, this break being connected together 
when necessary to use the pipe by a piece of rubber hose. Kven then, 
however, there is danger of propagation of explosion while the nitro- 
glycerine is running down the pipe." For this reason the oil is 
frequently drawn off into hard rubber buckets placed in a depression 
of the base beneath the filter boxes and carried to the point of 
consumption. 

In order to avoid too large an accumulation of nitroglycerine in 
the wash house the filtering is often done in a special filter house, 
which then serves as an oil storage and is entered only for the purpose 
of removing nitroglycerine, often weighed there into buckets in the 
desired amounts. In the filter house there are two rows of boxes, 
one above the other. The nitroglycerine from the wash house runs 
through the oil pipe into the upper filter box, or is poured into it via 
a short pipe after being carried in from outside the barricade. From 
the upper filter box the oil runs slowly over the filter into the lower 
box, from which it is drawn off for use (tig. 13). 

The suspended water, which at first renders the nitroglycerine 
milky in appearance and which is only partly removed by the filler, 
separates almost completely after standing several days and the oil 
becomes perfectly clear. This process goes on during storage ID well 
heated rooms. After one day the oil usually contains not more than 
0.3 to 0.4 per cent moisture, and in this condition it can be safely used 
for all explosives. Even the freshly filtered oil as a rule contains 
hardly more than 0.5 per cent moisture," of which the greater part can 
be evaporated by the heating of the thin layers in the warm gelatin 
mixers during the preparation of gelatin explosives. In other 
respects a small amount of water in nitroglycerine, contrary to certain 
prejudices, does not affect the gelatinization of nitrocotton. 

■To avoid thin posrihility of propagation the nitroglycerine is drawn out 
into tanks on rubber tirrd wagons, and pushed along a walk-way to the point 
of consumption. This takes the place of carrying by rubber buckets, since 
charges of dynamite or gelatine as high aa 700 kg. are mixed at one time, and 
carrying by buckets would be expensive.— Translator. 

' A final wash with a concentrated common salt solution accomplishes the 
**me result as filtration, as regards final moisture content .— Tbanslatob. 
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Clarification of the Waste Wash-waters 

The wash-waters drawn off the nitroglycerine carry with them no 
inconsiderable quantity of suspended nitroglycerine, which must be 
carefully removed before they are discharged into drains or streams. 
Years ago, when the danger lurking in them was not sufficiently 
appreciated, or the clarification process incomplete, there was a 
peculiar accident in the vicinity of a dynamite plant located directly 
on a river, when a boatman struck his pole, shod with iron, violently 
against a rocky bank, and together with his boat, was blown into 
the air by a violent explosion. The wash-waters from a nitroglyc- 
erine plant emptied at just this point, and apparently because of 
insufficient clarification a large quantity of nitroglycerine had 
gradually settled in a rocky depression in the bank, and did not 
sink into the stony ground nor dissolve beeause of the great insolu- 
bility of nitroglycerine in water. Usually there are small overflow 
boxes with a dividing wall between them, loeated right in front or at 
the side of the wash tanks, with stopcocks at the bottom, through 
which the waste waters run, while the greater part of the suspended 
oil sinks to the bottom. It is then removed from time to time and 
returned to the wash tank. Lead overflow boxes are not recom- 
mended here because they are too readily attacked by the initially 
strong acid water. Long, rectangular stoneware boxes are cus- 
tomarily used. In plants where two large wash tanks in one building 
receive the product of two nitrators there is a large wooden tank with 
several intermediate walls located between and below the wash 
tanks. The water runs from both left and right into this latter tank 
and finally overflows from it. At the lowest point of the inclined 
bottom of the tank there are stopcocks to remove the nitroglycerine 
which has settled out. Final clarification of all the wash-waters is 
done in a special building, the so-called waste-water house, which 
contains tanks of such a size or number that a slow passage of large 
quantities of water through them completely removes the last traces 
of small drops of nitroglycerine. The acid and alkaline wash-waters 
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unite here. However, the alkalinity of the latter is insufficient to 
neutralize all of the wash-water, so that acid wash-water goes to 
waste- Wooden or stoneware jugs are used here. Often large 
wooden tanks several meters in diameter, subdivided by many cross 
partitions, arc used. The partitions have alternate upper, and lower 
perforations to make the flow reverse its direction frequently and 
allow the nitroglycerine to fall to the bottom. The latter is drawn 
off from time to time through one or more suitably located stopeoeks. 
Such overflow tanks are preferably long and wide, so that on passing 
the water through them all of the nitroglycerine will collect at one 
point, the lowest, and can be drawn off very easily. The recovered 
nitroglyeerine, since it is derived from the various stages of the 
washing process, is not pure, and is put back into the wash tanks, 
with the fresh oil so that it will be stabilized. It is best to add only 
small quantities of such recovered oil to a single charge in the wash 
tank, because the recovered oil contains all kinds of impurities such 
as fatty acids and mucilaginous bodies, which as experience has shown, 
float on the wash-water, and when too much of these are added to a 
charge an emulsion forms on washing, with consequent poor settling. 
In recent times a series of ten or twelve rectangular stoneware jugs 
with overflow partitions and outlet cocks at the bottom have been 
used frequently in the clarification plant instead of the large wooden 
tank. They arc arranged in cascade in the form of a horse shoe, 
along both sides of the building. The partitions have alternately 
upper and lower openings, so that the water is forced to follow a long 
path, just as with the wooden tanks {see fig. 14). 

UTILIZATION OF THE ACID WA SH -WATER B 

The fact mentioned at the beginning of this seetion, namely that 
considerable quantities of acids, particularly nitric acid, can be lost 
with the wash-waters, and in large plants can contaminate the 
ground water or streams, has in recent times led to proposals to 
recover these acids in the form of salts, and so completely avoid 
acid wash-waters. One of these proposals is German patent 325944 
(1918) by Hofwimmer. 

It consists in treating the acid nitroglycerine directly with a saturated 
alkali nitrate solution containing sufficient alkali carbonate to neutralize the 
free acid present. The foaming caused by the evolution of free CO a is avoided 
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by using a quantity of carbonate sufficient to form the bicarbonate- Natu- 
rally the wash-waters are used over and over, and the excess of alkali filially 
extracted by washing with water. Complete elimination of waste waters, 
as claimed by the inventor by the use of the after-wash-waters in the prepara- 
tion of new carbonate solutions, is impossible because larger quantities of 
water are necessary for the final purification of the nitroglycerine and the at- 
tainment of a satisfactory stability. It should be noted that nitroglycerine 
is more readily soluble in the first, strongly acid wash-water than in pure water, 
and that by the ''Baiting out" action of the concentrated solution, which has 
been saturated with nitroglycerine by repeated use, there is a reduction in 
the loss and an increase in the yield. On the other hand, evaporation of the 
portion of the wash-waters removed for recovery of the salt mixture is of 
only a limited value. No other utilization of it is mentioned. In any case it 
can serve for the manufacture of nitric acid, since it contains mainly the 
nitrate. When using it as a fertilizer the excess of alkali may be injurious, 
while the sulphate is merely inert- 
Such a use is claimed by German patent 339031 of October 8, 1918, issued to 
the Dynamit A.-G. vorm, Nobel & Co., for a process of purifying crude nitro- 
glycerine, in which the extracted acids are neutralized by ammonia and the 
ammonia salt solution obtained used for washing fresh charges of nitrogly- 
cerine and consequently attaining a concentration after several operations 
which makes its evaporation and recovery of the Baits profitable. Finally, 
a portion of the solution corresponding to that of the ammonia solution re- 
quired is removed, with a concentration of 50 per cent, giving about 8 kg. 
of a mixt ure of about 70 per cent ammonium nitrate and 30 per cent ammonium 
sulphate per 100 kg. of nitroglycerine. This mixture is a fertilizer rich in 
nitrogen. It is better if the neutralized nitroglycerine is extracted in the 
usual manner with hot soda solutions, and then water, for thorough stabiliza- 
tion in order to completely remove the impurities frequently found in the 
salt solutions used. Thus only a slightly alkaline wash-water is obtained, 
while the acids are recovered without loss and acid wash-waters are avoided, 
At the same time the nitroglycerine yield is raised about 2.5 per cent because 
instead of several wash-waters there is a single pre-wash with a salt solution 
already saturated with nitroglycerine from previous operations. 

Another utilization of the waste waters from nitroglycerine plants is the 
object of German patent 299030, issued to the Westfalisch-Anhaltische Spreng- 
stoff A.-G. It depends upon the fact that these wash-waters contain con- 
siderable quantities of dissolved nitroglycerine. The solubility of the latter 
in water at ordinary temperatures iB about 2 grams per liter, so that a cubic 
meter of wash-water, assuming that all the wash-waters have been previously 
well saturated with nitroglycerine, will contain about 2 kg. of nitroglycerine, 
and also some dinitroglycerine. As a matter of fact, 4 to 5 grams of pure oil 
can be extracted from a liter of these wash-waters by the use of ether, which, 
aside from unstable impurities, consists mostly of a mixture of nitroglycerine 
and dmitroglycerine. Naturally any recovery of this small quantity of 
nitroglycerine by the use ot an organic solvent is uneconomical. The pat- 
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ented process covers extraction of the dissolved nitroglycerine from the wash 
waters by treatment with nitrocellulose. It is known that collodion nitro- 
cotton takes up readily liquid nitroglycerine suspended in water, as in the 
manufacture of ballistite. Tests by the author have shown that the claims 
of the inventor are not correct , and that even on long standing the collodion 
nitrocotton does not take up the dissolved nitroglycerine. Even if this were 
the case the process would hardly cover the operating costs, because all the 
impurities present in the acid wash waters would be precipitated* requiring a 
subsequent purification of the collodion nitrocotton. 
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Aftek-sepahation 

In the esicrification of glycerine to glycerine trinitrate by adding 
the glycerine to a mixture of nitric and sulphuric acids the ve- 
locity of reaction is at first extraordinarily high. It diminishes with 
decreasing concentration of the HNO a molecules and finally becomes 
so small that the end point of the reaction when the last molecules of 
nitroglycerine form is only attained very gradually. The result of 
this is that the separation of the last traces of nitroglycerine from the 
spent acid takes place gradually and only after the main quantity has 
separated. In addition to this, if nitrated at temperatures of 25° to 
30°C, a subsequent cooling of the spent acid, with consequent lower- 
ing of the nitroglycerine solubility coefficient, causes a further separa- 
tion of a small quantity. This gradual, subsequent separation of 
small quantities of oil after the separation of the main quantity is 
called "after-separation." It can amount to 2 per cent of the total 
yield and 5 per cent of the glycerine used. Its amount and period is 
not dependent upon the velocity of the reaction alone, but is depend- 
ent also upon the quality of the glycerine and the nature of the 
impurities therein. Otherwise it would be always the same with the 
same quantity of acid of a uniform composition. The quality of, 
and the impurities in the glycerine govern the extent of the difficulty 
of separation of the last traces of nitroglycerine from its emulsion 
with acids. Some glycerines give much, some little nitroglycerine 
after-separation. However, the amounts are always worth while, 
both from an economic and a safety point of view, since an acid 
which is still separating out nitroglycerine should not be taken from 
the barricaded area of the nitroglycerine plant nor further worked up, 
as in denitration. The after-separation takes place in a special 
building, and aside from the necessity of so doing because of the 
above-mentioned danger, its operation is economical even on a small 
scale because it does not cost much. The operation consists merely 
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in maintaining the equipment, and wages for one operator, who looks 
after the work and watches the process constantly. 1 

Large lead, conical-topped tanks having the shape and principle 
of operation of the displacement separator arc used for the after- 
separation. The upper, conical part of the tank ends in a wide glass 
tube about 10 cm. in diameter and 30 cm. high, cemented in, which 
pennits of differentiation of the kind of liquid therein. It is open at 
the top, or occasionally provided with a fume exhaust pipe. At its 
lower part, or about a third of the way up, the glass tube has a glass 
stopcock cemented in, or merely a glass tube inserted and cemented 
into the side and inclining downward sharply. As a rule the level of 
the liquid reaches the height of this stopcock or side-tube. A lead 
pipe enters the bottom of the vessel, and the apparatus is Med with 
spent acid from the separator via the latter. Moreover, this lead 
pipe connects with a small, elevated supply tank containing spent 
acid which has already been subjected to after-separation. A stop- 
cock, located at a suitable place, serves to replenish the acid. Some 
time after the tank has been filled with freshly-separated spent acid 
an accumulation of nitroglycerine appears at the top of the glass 
tube. Then the operator with his left hand carefully opens that 
stopcock through which the liquid rises up into the glass tube, and 
with his right hand holds a porcelain, lead or aluminum vessel under 
the overflow pipe and collects the displaced nitroglycerine. As soon 
as the visible line of separation between oil and acid nearly reaches 
the height of the lateral overflow tube he closes the stopcock and 
leaves the liquid at rest until a layer of nitroglycerine has again col- 
lected at the top. From time to time this is also drawn off, without 
allowing large quantities to collect at any one time. The acid oil is 
immediately brought under water in a stoneware jug and freed from 
the main quantity of acid by repeated changes of water and com- 
pressed air agitation. It is then carried in guttapercha boxes to 
the wash-house for final stabilization. 

The conical head of the after-separator tank preferably has a ring- 
shaped lead attachment forming a gutter with an outlet around the 

1 In the United States no after-separator is used. With clean, well-settled 
nitrating acids and the quality oF glycerine now obtained, the amounts of 
nitroglycerine recovered became so small in the after-separator that they were 
hard io find. Very low temperatures of nitration and separation contribute 
toward this end.— Tbanslatoh. 
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cone. This prevents the liquid running on to the floor in case of a too 
rapid opening of the stopcock, or an overflow of oil and aeid over the 
rim of the glass tube if there is a development of gas inside the appara- 
tus. The tanks have inclined bottoms and a large stoneware stop- 
cock at the lowest point, which can be connected to the drowning 
tank or to the pipe leading to the pressure tank, from which the after- 
separated acids pass on to further operations. The use of drowning 
tanks in connection with after-separation is infrequent today, since 
with the present acid concentrations, which leave only small quanti- 
ties of unnitrated glycerine as such in the spent acid, and since the 
latter with their relatively low water contents have little or no 
tendency to start oxidation, a decomposition of any considerable 
extent in the after-separator can hardly occur. At many placeB 
the latter contain cooling coils in order to be able to cool if necessary 
by a water circulation, but the danger from unnoticed leaks in such 
coils almost overbalances their advantages, so that they are not in 
general use. Also wooden cooling jackets around the after-separator 
are not any longer in general use since wood is everywhere avoided 
as much as possible in buildings, except where absolutely necessary, 
because it can catch fire from overflowing acid. For this reason even 
the floor is usually covered with lead. Frequently air agitation is 
provided in order to be able to overcome any possible local 
overheating. 

There are usually on each side of the long building a series of such 
tanks, often able to receive the output of two operations and con- 
taining as much as 2000 to 3000 kg. It is a rule to make the Bize of 
the installation large enough to receive the whole output of several 
days. Although by far the greater part of the oil will be drawn off 
on the first day, nevertheless the spent acid separates small 
quantities of oil for several days, so that if possible it should be 
allowed to stand for eight or ten days. It should be a universal 
regulation that an operator watches the plant day and night, con- 
stantly removing the acid nitroglycerine, since on long standing it 
can always decompose and the accumulation of large quantities can 
lead to an explosion. 

In the English government powder plant at Waltham-Abbey the 
after-separation has been completely eliminated, as stated above, by 
adding a few per cent of water to the separated spent acid and so 
greatly displacing the equilibrium between nitroglycerine on the 
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one hand and nitric acid-sulphuric acid-water mixtures on the other 
hand, that no further formation and separation of nitroglycerine can 

occur. 

EXTRACTION OF TEE WASTE ACID 

Another method of avoiding after-separation and still obtaining 
a satisfactory degree of separation of nitroglycerine which would 
otherwise be recovered by after-separation is covered by German 
patent 250444 (1910). 

According to this patent the spent acid after separation is treated with 
chloroform, which takes up the finely emulsified and dissolved nitroglycerine. 
Only a small quantity of chloroform is required for this extraction. By the 
addition of a small quantity of paraffin oil, which mixes with the chloroform 
but in which the nitroglycerine is insoluble, an almost complete separation of 
the latter from the chloroform occurs when it is washed with water to remove 
the acids extracted at the same time. The preliminary removal of the acids 
is necessary because they attack commercial grades of paraffin oil and the 
resulting products contaminate the nitroglycerine. 

On a large scale the use of this seemingly simple process gives economic 
difficulties. The operating costs of extraction, washing of the solution, and 
recovery of the chloroform by distillation from the paraffin solution may be 
considerably higher than the cost of recovery of the nitrolgycerine by simple 
standing of the spent acid in the after-separator tanks, quite aside from the 
fact that the loss of the expensive, volatile solvent cannot be wholly avoided 
in the various steps. The elimination of the relatively small operating danger 
of after-separation is balanced by the danger of a subsequent after-separation 
of unstable nitroglycerine at higher temperatures during the distillation of 
chloroform from the paraffin oil, because the separation is by no means com- 
plete and the mixture of paraffin oil and chloroform still contains some dis- 
solved nitroglycerine almost insoluble in paraffin oil. Even after preliminary 
after-separation the spent acid still contains some dissolved nitroglycerine, 
which can be recovered by the chloroform treatment, accompanied by a small 
amount of dinitroglycerine, which increases the total yield based upon glycer- 
ic by about three or four per cent. However, this increase may not cover 
the operating costs, and nothing is known regarding the practical use of the 
patented process. 
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Denitration of the Spent Acids 

After complete separation of the nitroglycerine, the spent acids 
consist of a concentrated mixture of sulphuric and nitric acids, usually 
of the following composition: 

73 to 74 per cent HiSO<, 9 to 10 per cent IIN0 4 , 16 to 17 per cent H,0 

If ordinary sulphuric acid is used instead of oleum in making the 
mixed acid the water content of the spent acid becomes 20 per cent. 
In addition it contains some nitroglycerine and lower glycerine 
nitrates dissolved in it, as well as a small amount of nitrous acid. 

On account of the danger of a subsequent separation of further 
small quantities of nitroglycerine, particularly on strong cooling, 
such spent acid is not transported, but every nitroglycerine plant 
has a denitrating equipment where this acid is separated into ils 
components, namely sulphuric and nitric acids. On denitration the 
sulphuric acid is usually obtained as a 56°Be" or 72 per cent acid, and 
the nitric acid as 38 to 40 o Be" or 57 to 62 per cent HN0 3 . It is either 
concentrated further in special devices, or used in the manufacture of 
ammonium nitrate or aromatic nitrocompounds as cases may require, 
while the sulphuric acid is concentrated by the well known process 
and used for charging acid in the nitric acid retorts or as absorption 
acid in oleum plants, or sold without further concentration as spent 
sulphuric acid to fertilizer plants. 

Denitration, or the driving off the nitric acid and nitrous acid from 
the sulphuric acid, is done in a so-called denitrating tower. Formerly 
cast iron retorts, set in suitable furnaces and heated by direct fires, 
or even direct heated horizontal cast iron denitrating towers into 
which steam and compressed air were passed, were used. These 
devices were long ago replaced by the continuous denitrating tower 
consisting of iron lined with a strong acid-proof brick, or even a 
cylinder of acid-proof material such as volvic stone. This tower is 
filled with Guttinann balls, pieees of quartz, stoneware, Raschig 
rings or other material to subdivide the descending liquid, and at the 
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upper part has a distributing plate into which the spent acid runs, 
via a baffle box and a safety funnel to separate any residues of nitro- 
glycerine which may be present. These must be carefully watched, 
because any nitroglycerine entering the denitrating tower can cause 
an explosion. Superheated steam is passed into the bottom of the 
tower 1 meeting the descending current of finely divided spent acid, 
and the sulphuric acid flows downward, freed from all but traces of 




Fig. 15. Denithation 

(a) Denitrating tower, (b) air condenser, (c) absorption towers 

nitric and nitrous acids, the latter being formed in considerable 
quantities by an oxidation of the organic compounds in the spent 
acid, while the nitric and nitrous acids escape at the top of the tower 
as a gas, today condensed by a tube condenser but formerly in 
touriUeB. By blowing in air by an in] ector the nitrous acid is oxidized 

1 In the United States no superheat is used, the cost of the latter in general 
not overbalancing the smaller quantity of water added to the sulphuric acid 
when euperheated steam is used.— Translator. 
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to nitric acid, and the remaining gases are finally condensed to a 
weak nitric acid in a Lunge absorption tower by spraying them with 
water. The operation can be so conducted that 38 to 40°Be" nitric 
acid is obtained in both condenser and towers. 2 The injected steam 
should have as high a temperature as possible, in any case above 
300°C. The higher the temperature the less the steam required f o r 
complete denitration and the less the dilution of the acids. A 
denitrating tower of the usual size will dcnitrate about 5000 kg. of 
spent acid per twenty-four hours. 3 

A special form of denitrating tower is described in German patent 
182216 issued to Evers, in which reaction towers are used, not com- 
pletely filled with packing, but divided into several chambers by 
perforated divisions alternately packed and empty. In the empty 
spaces moving mixers as described in German patent 145743 are 
arranged for the purpose of giving a particularly thorough mixing of 
the drops of liquid with the hot gases. On account of their delicate 
nature these mixing devices are frequently omitted in actual practice 
without apparently affecting the final result. A highly heated mix- 
ture of air and steam is blown by injectors into the various chambers. 
In order to heat the air it is passed through the hot denitrated sul- 
phuric acid as it leaves the foot of the tower, and the air is then heated 
to 400°C. in a special furnace. The steam is likewise superheated in 
a coil. The repeated diffusion and thorough mixing of the acids and 
gases in the empty spaces gives a very uniform denitration. It is 
said to produce a water-white sulphuric acid of 60°B€, four-fifths of the 
nitric acid aB 40° acid and one-fifth as 36° acid, with only 0.3 per cent 
nitrous acid and very small losses. An Evers denitrating plant is 
said to denitrate 20,000 to 22,000 kg. of spent acid per twenty-four 
hours with a coal or coke consumption per 100 kg. of acid of not 
more than 45 kg.* 

According to French patent 405819 (1909) issued' to Vender, it is 

s By returning the weak nitric acid to the top of the denitrating tower and 
feeding it in with the spent acid, a nitric acid containing 90 to 95 per cent 
HNOj can be condensed, the balance of the water passing down with the 
denitrated sulphuric acid.— Tbahsla tor. 

8 A brick-lined tower 24 feet high and 23 inches internal diameter will de- 
nitrate 120,000 to 140,000 pounds of spent acid per twenty-four hours.— 
Translator. 

* Z. Schiess- «. Spr&igslofw., 1907, p. 144. 
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of advantage to use for denitration the gases coming from electric 
furnaces used for the oxidation of atmospheric nitrogen. 

A special method of treatment of spent acid is described in German 
patent 180587 (1906), issued to the Salpetersaure-Industriegescll- 
schaft at Gelsenkirchen, in which the spent acid is electrolyzed as the 
anode liquid, while dilute nitric acid is used as the cathode liquid. 
The nitric oxides formed at the cathode are conducted to the anode 
and with the oxygen set free there and the dilute nitric acid form 
strong nitric acid, so that the spent acid can finally be regenerated 
to its original concentration. German patent 180052 (1905) is 
another form of this process, in which dilute nitric acid is concentrated 
by electrolysis by liquefaction in a condenser of the nitric oxides 
formed at the cathode, and adding them to the nitrie acid surround- 
ing the anode, so that they are oxidized to the monohydrate. The 
use of spent acid is said to have the advantage of requiring a lower 
current consumption than pure nitric acid, because of the better 
conductivity of the spent acid containing sulphuric acid. 



OTHER METHODS OF USING NITROGLYCERINE SPENT ACIDS 

There has been no lack of proposals for the direct use of nitro- 
glycerine spent acids instead of decomposing them by the so-called 
denitration, by using the nitric acid content in true nitration reac- 
tions. While the esterification of the alcohols by mixtures of nitric 
and sulphuric acids is a reversible process which requires a consider- 
able excess of nitric acid for completion, the conversion of aromatic 
hydrocarbons like benzene or toluene to nitrobenzene or nitrotoluene 
by substitution is irreversible, in which nitroglycerine spent acids 
containing about 10 per cent HNOj can be used almost quantitatively 
by mixing such acids with the corresponding quantity of benzene or 
toluene. 

For example, to nitrate on part of toluene to the mono- stage requires theo- 
retically about 7 parts of spent acid containing 10 per cent HNOj. As a 
matter of fact, by mixing the corresponding quantity of spent acid and toluene 
Md cooling, then heating to about 40°C, about 90 per cent of the theoretical 
yield of nitrotoluene can be obtained. It is natural to use the nitroglycerine 
spent acids as above and so save the cost of denitration in such plants as may 
Manufacture the nitroderivatives of toluene or benzene in addition to making 



mtr °glycerine. Dinitrotoluene and trinitrotoluene play an important part 
H the manufacture of explosives, and for this reason they are made by the 
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various explosive plants in their own installation. The fear that nitroglycer- 
ine spent acid, even after proper aft e ^separation, may still separate small 
quantities of nitroglycerine and thus be a source of danger in another operation 
can be very simply avoided by adding 2 to 3 per cent of water to it and dis- 
placing the equilibrium between the dissolved residues of nitroglycerine and 
glycerine sulphate, so that the nitroglycerine is decomposed and a further 
separation of the latter rendered impossible. On the other hand, the high 
excess of sulphuric acid and water content of the spent acid affects the yield 
somewhat, because the tiitrotoluene yield can amount to 97 to 93 per cent 
when using ni tinting acids of the proper composition. This may be the reason 
why plants which produce both nitroglycerine and nitrotoluene have up to 
the present time preferred denization of the spent acid to the above-described 
method. 



CHAPTER X 



Operating Results 

According to the theoretical decomposition equation, 92 parts of 
glycerine and 189 parts of nitric aeid monohydrate form 227 parte of 
nitroglycerine and 54 parts of water, so that 100 parts of glycerine and 
205.43 parts of nitric acid must form 246.74 parts of nitroglycerine 
and 58.7 parts of water, or for 100 parts of nitroglycerine 40.53 parts 
of glycerine and 83.20 parts of HNO a are theoretically required, 

forming 23.79 parts of water. 

However, the theoretical result is never obtained in practice. If 
only the theoretically required quantity of nitric acid were used the 
results would be very unsatisfactory, even with a sufficient quantity 
of the dehydrating agent, sulphuric acid, since by no means all of the 
nitric acid molecules present would form nitroglycerine. This 
process is rather a reversible one, and nitroglycerine dissolves in 
concentrated sulphuric acid, splitting off nitric acid molecules and 
forming glycerine sulphate or lower glycerine nitrates until the nitric 
acid molecules have reached a concentration such that if they be 
increased nitroglycerine will again be formed and the solution as well 
as the decomposition of the same come to a standstill or state cf 
equilibrium. 

From this it is evident that from the very first a definite excess of 
nitric acid must be present in order to convert all of the added glyc- 
erine to nitroglycerine. This excess must be so chosen that after 
addition and solution of the total quantity of glycerine in the acid 
mixture a spent acid will be formed still so rich in nitric acid mole- 
cules as to exert no destructive action upon the nitroglycerine. This 
relation has been determined by experience. In commercial practice 
there must be considered, in addition to the ehemical factor of the 
tendency of the resulting spent acid to form or decompose nitroglyc- 
erine, the purely physical factor of the solubility coefficient of the 
spent acid of nitroglycerine. Spent acids of different compositions 
have very different solubilities for nitroglycerine, and an overwhelm- 
ing excess of nitrie acid is not the most advantageous for the highest 
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possible nitroglycerine yield, although thoreticaGy the glycerine 
should be the more completely converted into nitroglycerine the 
greater the quantity of nitric acid present. Since nitroglycerine is 
readily soluble in pure, concentrated nitric acid, its solubility in a 
mixed acid increases somewhat above a certain limit with increasing 
HNOj content. 

Therefore the following conditions govern practical attainment of 
the highest possible nitroglycerine yield, namely quantity and com- 
position of the nitrating acid so chosen that after conversion of the 
glycerine a minimum of that spent acid must be obtained which has 
the lowest solubility for nitroglycerine. 



TABLE 3 

Solubility and decomposing powers of various compositions 





ACID MIXTURE 


I 


n 


III 


IV 


V 


VI 


H 3 0 


per cent 


per cent 

15.0 
10.0 
75.0 
3.55 

1.46 

2.09 


percent 

10.0 
10.0 
80.0 
3.33 

1.92 

1.41 


per cent 

5.0 
15.0 
80.0 

4.37 

2.13 
2.24 


per cent 
10 0 

15.0 
75.0 
2.60 

1.65 

0.95 


per ctnt 

15.0 
15.0 
70.0 
2.36] 

1.72J* 

0.64] 


HN0 3 

H£0 4 

Nitroglycerine extracted by 

Difference, or nitroglycerine 


10 0 
70 0 
6.00 

2.47 

3.53 



* Per 100 parts of acid mixture. 



SOLUBILITY OF NITROGLYCERINE IN WASTE ACTDB OF DIFFERENT 

COMPOSITIONS 

The most favorable composition of the spent acid has been deter- 
mined in the course of time by experience and countless studies on the 
most advantageous nitrating conditions. To reduce the quantity of 
spent acid produced to the lowest possible degree and thus suffer the 
least solubility loss of nitroglycerine is merely a question of the 
concentration of the acids available. It immediately becomes evident 
that in general the operating results have improved as the industry 
came to the point where it was able to produce economically the most 
highly concentrated acid. The greatest advance in better utilization 
of glycerine was ; aB already mentioned above, when a number of 
large plants at the close of the last century began to use fuming 
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sulphurie acid containing 20 to 25 per cent free SO3 in place of ordi- 
nary English sulphuric acid containing 94 to 96 per cent H2SO4. 
With one stroke the yields were improved by about 15 per cent of the 
glycerine, i.e., from about 210 to 225 per cent, because the higher 
concentration permitted an appreciable reduction in the total 
quantity of acid used without an increased use of nitric, so that a 
smaller quantity of spent acid was obtained, having also a more 
favorable composition as regards nitroglycerine solubility. 

A review of the solubility and decomposing powers of various 
compositions of spent acid on nitroglycerine is given in table 2, 
based upon tests made by the author with synthetic acid mixtures. 
Therefore the best mixture is VI, with 15 per cent H 2 0 and 15 per 
cent HNOj, and the worst I, containing relatively large amounts of 
water and little nitric acid. The latter represents approximately 
that spent acid obtained before the introduction of oleum. Acid II 
represents approximately the composition when using oleum. 

For example, with one of the older nitrating acids composed of 300 parts 
of 90 per cent nitric acid and 450 parts of 94 per cent sulphuric acid, or a total 
of 750 parts of mixed acid containing 36 per cent ILN"0 3 , 56.4 per cent H 2 SO* 
and 7.6 per cent H 2 0 per 100 parts of glycerine, the theoretical conversion of 
the latter into 246-7 parts of nitroglycerine will give the following spent acid: 



porta per cent 

HNO» 270.0 

HNO, -205.4 



HNO, 64.6 10.7 

HjSO, 423 0 70.1 

H,0 115.7 19.2 



Spent acid 603.3 100.0 

The composition of this acid approaches that of mix I. 

Therefore 600 parts must dissolve 36 parts of nitroglycerine and break it 



up. Instead of 246.7 partB of nitroglycerine only about 211 can be separated. 
If consideration is taken of the few per cent lost in the wash-water, and the 
fact that dynamite glycerine is not 100 per cent pure, and that during nitration 
without artificial cooling and with acids containing water there is a certain 
amount of oxidation, it can be seen that the yields are only 205 per cent of the 
glycerine instead of the theoretical 246.7 per cent, in spite of the excesB of nitric 
acid in the above case. On the other hand, if oleum and one of the new ni- 
trating mixtures is used, for example 280 parts of 92 per cent nitric acid and 
350 parts of oleum containing 20 per cent free SOa (or 104.5 per cent HjSOt), or 
630 Parts of a mixed acid containing 41 per cent HN0 3 , 58 per cent HjSO ( 
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and 1 per cent H 2 0 per 100 parts of glycerine, the following theoretical spent 
acid will be obtained: 

ZNwto jot cent 

HJfOa 257-6 

HN0 3 -205.4 



HN0 3 52 2 10.8 

K&Oa 365-7 75.7 

H 2 0 65-4 13.5 



Spent acid 4S3.3 100.0 



which is approximately the composition of the above synthetic acid II, having 
a solubility of about 3 per cent. Therefore 483 parts must dissolve and break 
down 14.5 parts of nitroglycerine, so that 232 parts of the latter separate. 
a matter of fact, such a mixed acid gives a practical nitroglycerine yield of 
226 to 227 per cent of the glycerine. 

UTILIZATION OF GLYCERINE 

The technical result of the better utilization of the glycerine at 
even higher concent rations of the mixed acids is evident from the fol- 
lowing nitration made by the author on an experimental scale: 

A quantity of 285 partB of 95 per cent nitric acid and 215 parte of 50 per cent 
free SO3 oleum, or a total of 500 parts of a mixed acid containing 54.14 per cent 
HNOi, 8.84 per cent S0 3 and 37.02 per cent H,S0 4 gives the following theoreti- 
cal spent acid with 100 parts of glycerine: 



porta ptr ceM 

HNO3 65.3 18.5 

H x O 48 8 13.8 

H 3 S04 239 2 67.7 



Spent acid 353.3 100.0 

If the same solubility coefficient as in the above synthetic acid VI is as- 
sumed, the loss from dissolved and decomposed nitroglycerine is 3.5 parts, 
so that 246,7 — 8.5 = 238.2 partB of nitroglycerine, which must separate. As a 
matter of fact the author, with this mixed acid and chemically pure glycerine 
nitrating at 0 to 10°C. with good cooling, obtained a practical nitroglycerine 
yield of 234 per cent of the glycerine, or about 95 per cent of theory. If con- 
sideration is taken of the loss of 4.3 parts of dinitroglycerine contained in the 
nitroglycerine and lost in washing, as can be determined by extraction of the 
wash-waters, actually 238 3 parte of nitroglycerine have separated, corre- 
sponding to the theory when deducting the solubility loss in spent acid. From 
this spent acid 3.8 parte of nitroglycerine containing dinitroglycerine were 
extracted. Taking into consideration the small quantity of dinitroglycerine 
determined by the nitrogen determination and contained in the oil extracted 
from the wash-water and spent acid, this nitration is a conversion of 98.4 



OPERATING RESULTS 



09 



per cent of the glycerine to nitroglycerine and dinitroglycerine. The small 
remainder may be partially oxidized and partially remain in the spent acid 
as glycerine sulphate. 

The degree of utilization of the glycerine finds a practical limita- 
tion from the economy point of view, which under certain conditions 
can prevent raising the excess of nitric acid up to the limit of the 
highest attainable yields if only an insignificant improvement results, 
because the increased use of nitric acid does not pay. In general, 
however, the relation between the costs of glycerine and nitric acid 
has been such in recent times that it pays to so choose the excess of 
nitric acid as to give approximately the highest yield, because such 
an excess of nitric acid will be largely recovered as concentrated 
nitric acid in denitration, while the unused glycerine is irrevocably 
lost. The most economical composition in the last analysis is found 
for each plant by tests with various compositions and consideration 
of ruling prices of glycerine and acids and the value of the recovered 
acids. The case of concentration of the acids is quite different. 
Here the cost of manufacture of a nitric acid exceeding a concentra- 
tion of 93 to 94 per cent monohydrate and an oleum containing more 
than 25 per cent free S0 3 (produced by distillation of the fuming 
sulphuric acid first obtained) is always so high that nitrating acids 
like III, in spite of their higher nitroglycerine yields, can hardly be 
used in actual practice. 12 

After all, the use of 93 to 94 per cent nitric acid and 25 per cent 
oleum, and so absolutely water-free or even anhydrous mixed acid 
containing 40 to 42 per cent UNO*, is no longer any rarity today in 
the manufacture of nitroglycerine. 

ARTIFICIAL COOLING 

In addition to the highest possible acid concentration of the mixed 
acid there is another important factor in the operating results, namely 
the efficiency of cooling and the nitrating temperature. With a 
given temperature of the cooling water a larger cooling surface per- 
mits a reduction in the nitrating time or the nitrating temperature. 

1 The use of oleum containing 40 per cent free SOj iB practically universal 
in the United States— Translator. 

5 Today in Germany also 500 parts of an acid mixture of 50 per cent HN0 3 
and 50 per cent HiSO< per 100 parts of glycerine are generally used with a yield 
of 233 to 235 per cent of nitroglycerine.— Author. 
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The reverse holds true for colder cooling water and a given cooling 
surface. Too long a period of nitration reduces yields on account of 
the large quantity of nitric acid blown out by the compressed air.* 
The lowest possible temperature of nitration limits side reactions and 
consequently raises the nitroglycerine yields. For this reason atten- 
tion has been given to providing as large a cooling surface as possible 
in the nitrator, and the latter has at times been constructed very large 
in proportion to its charge in order to contain numerous cooling coils. 
Efforts are also made to have as cold a cooling water as possible. 
For example, plants located along streams pump the ice-cold river 
water into special reservoirs to provide the plant with cooling water. 
In the last decade nitroglycerine plants have even been provided with 
refrigeration plants and a cooled common salt or calcium chloride 
brine at —10 to — 12°C, which is circulated through the cooling 
coils instead of water. This allows nitration to be done in the same 
period of time at 12 to 15°C. as would be the case at 25 to 30°C. 
Ixiwer temperatures than this are not used on account of an appre- 
hended danger of forming crystals of nitroglycerine. 4 The increased 
yield of about 4 per cent of the glycerine has seemed to be worth while 
with the high glycerine prices of recent years. 

If it is mainly a question of the greatest possible output of a plant, 
by using artificially cooled brine and the usual nitrating temperature 
of about 30°C. the glycerine can be fed in more rapidly and a con- 
siderable reduction in time of nitration realized, which naturally 
increases the rate of production. 

Since in the shorter nitrating period lesB nitric acid is blown out 
by the compressed air, with a given acid there will be an increase 
in yield, or vice versa, a saving in nitric acid. 6 

The effect of nitrating temperature upon the yield varies con- 

* This is not the case if mechanical stirring is used, as in the United States. — 
Translator. 

4 Jn the United States, with calcium chloride brine at -23 to -18 D C. in the 
cooling coils, nitration of both glycerine and mixtures of glycerine and poly- 
glycerine or sugar is done at 2 to 3*C, with no formation of nitroglycerine 
crystals, because the freezing point of mixtures of nitroglycerine and acids 
is lower than the true freezing point of nitroglycerine alone. Such nitrating 
temperatures improve yields and increase output, overbalancing the cost of 
artificial refrigeration. — Translator. 

'This does not apply to mechanical stirring, which is universal in the 
United States and has been for many years.— Translator. 
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sidcrably with the water content of the mixed acid. Tests with a 
mixed acid containing 39 per cent HN0 3 and 5.5 per cent H s O, made 
without oleum, from 98 per cent sulphuric acid, gave with a nitrating 
temperature of 30°C. a yield of 205 per cent, at 0°C. 217 per cent, 
or an increased yield of 1 2 per cent of the glycerine. An acid con- 
taining 38.7 per cent HNO a and 2.7 per cent H 2 0, or 650 parts of 
acid to 100 parts of glycerine, gave: 

'percent 
yield 

At 30°C 216 

At 10°C 223 

At 0°C 225 

or a difference of 7 and 9 per cent respectively. On the other hand 
the difference with water-free, or acids very low in water (below 2 
per cent), was only about 4 to 4.5 per cent between nitrating tempera- 
tures of 30 and 0 to 10°C. 

Plants which have introduced artificial refrigeration have, as a 
matter of fact, increased their yields about 4 per cent of the glycerine 
by maintaining a nitrating temperature of about 12°C. In addition 
to a reduction in the oxidizing action of the nitric acid at the lower 
temperatures, the latter come into play in the separation by a reduc- 
tion in the solubility coefficient, as well as from the fact that less 
nitric acid is blown out of the cold mixed acids than from warm acids 
by the agitating air. Today the best operated plants, with the best 
quality of glycerine and by using oleum, obtain nitroglycerine 
yields of 226 to 227 per cent with nitrating temperatures of 25 to 
30°C, and 230 to 232 per cent when using artificial cooling and 
nitrating temperatures of 12 to 15°C. These are 92 and 93.6 per 
cent of theory respectively. 6 

On the contrary, in the early days of the manufacture of nitro- 
glycerine considerably under 200 per cent of the glycerine was the 
usual yield. Even in the middle of the seventies of the previous 
century well operated plants obtained about 200 per cent, and even 
Guttmann mentions in his Industrie der Explosivstoffe, appearing in 
1895, an average figure of 200 per cent in summer and 205 per cent 
in winter. 

6 With the conditions and temperatures used in the United States the 
average yield during a year has been 234 per cent based upon absolutely dry 
nitroglycerine.— Translator. 
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Plant Lay- out in General 

In general, the arrangement of the different buildings of a nitro- 
glycerine plant, their distance from one another and from other 
buildings, as well as protection by earth barricades, is on the same 
basis as for powder and explosive plants. The liquid nature of the raw 
material and products, glycerine, acids, nitroglycerine, spent acid, 
suggests the use of gravity in handling them. For this reason, where 
convenient, hillsides or a rolling country are chosen for nitroglycerine 
plants and the buildings are so arranged that at the highest point 
there is usually the acid storage and scale for weighing acids, and 
storage and scales for the glycerine, and from here the buildings are 
arranged in a series at lower and lower levels. The necessary differ- 
ences in level increase with the number of stages into which the 
process is divided, with the size of the operation, and with the dis- 
tances prescribed between the different buildings. It can be con- 
siderable, since the difference in level must not be too small- In 
plants on level ground excavations and mounds must be used. In 
such cases the construction of a nitroglycerine plant can involve 
considerable expense for earth-works, on account of the necessary 
thickness of the walls. While pressure tanks are almost always used 
for elevating and moving the acids, when the necessary differences in 
level are absent the nitroglycerine in some cases has been handled by 
drawing into empty vessels or by air pressure, in order to be able to 
run it, for example, from an elevated point in the wash house to a 
point of similar elevation in the gelatine house. However, this is 
true only of neutral, purified nitroglycerine. 



MASSIVE CONSTRUCTION 

The various buildings used for making, storing and preparing the 
nitroglycerine, the after-separators and waste-water houses, are 
surrounded by heavy earth walls, often 10 meters thick at the base 
and about 1 meter at the crown. They reach up to the roof of the 
buildings, or above, and are covered with grass. Frequently trees 
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are planted on them. In case of explosion they protect the surround- 
ings to a considerable extent from horizontally flying missiles and 
force the explosion pressure and fragments upward, thus reducing 
the distance to which the latter will be thrown. The entrance is via 
tunnels. Wooden linin gs of the latter have proven of little use, be- 
cause they do not satisfactorily withstand the pressure. Today 
solid masonry or concrete is generally used, unless ziz-zag passage- 
ways go through the walls. Tunnels, curved or zig-zag to better 
protect anyone fleeing from the explosion, are popular, but they may 
not always attain their purpose. In no case may even a zig-zag 
tunnel connect two buildings. In case of explosion the tunnel can, 
as experience has shown, propagate the shock from one building to 
another. The buildings in which nitroglycerine is made, stored or 
prepared have been up until recently as a rule of light construction 
and with a light roof, with only the floor of masonry. Only in recent 
times, or since 1910, has the proposal of C. E. Bichel been adopted, 
namely of constructing the operating buildings of the nitroglycerine 
plant of gravel-concrete covered with earth, after tests on it had been 
made in explosive magazines. In addition to low costs the light con- 
struction of the buildings has the advantage that in case of any 
explosion no heavy missiles are present, because of the more complete 
disintegration of the material, but on the other hand they are less 
resistant to falling missiles and the air pressure from adjacent ex- 
plosions. Hiey are easily pushed in by the latter, the doors jammed 
and the operators so prevented from getting out readily. Flying 
missiles can cause fires and explosions by the shock as they strike, or 
by their heat, and it is not any rare thing with this method of con- 
struction to have an explosion extend beyond its source, with more or 
less complete destruction of the entire plant. 

NUMBER OF BUILDINGS 

The number of different bufldings varies and depends upon the 
expected production and the size of the charges. An extensive sub- 
division of the operations, so that each process is carried out in a 
separate building, can have appreciable advantages as regards 
serviceability of the plant, yet in Germany it is customary to com- 
bine the nitrator and separator in one buUding. 1 Another building 

1 In the United States also.— Translator. 
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contains the washers and perhaps the filters, while a more distant 
one contains the after-separator and another the waste water clarifier. 
Frequently the neutral nitroglycerine runs through lead pipes directly 
to the storage tanks of the mixing or gelatinizing house, unless a 
special oil storage is provided, with filters in the same house. Trans- 
portation of the neutral oil from building to building is discontinuous 
in that only during use is there a connection by means of a rubber hose, 
so that the danger of propagation of explosion is limited to this short 
space of time. 

If nitrator and separator are in one building it is usually prescribed 
that the two operations shall not he carried on at once. As a rule 
the nitrator is only filled with acid for the next charge when the acid 
from the preceding charge has been run out of the separator. 

PIPING AND GUTTERS 

Pipes for acid nitroglycerine between nitrator and separator 
buildings, as well as between separator and wash houses, are not 
without their disadvantages. They require careful installation and 
cleaning. 2 In winter then can easily freeze, and in summer direct 
sunlight, especially if they arc not installed quite evenly and have 
low points, will decompose the stagnant, acid nitroglycerine in the 
depressions. For this reason low passageways are frequently pro- 
vided between buildings, through which a man can walk, even if he 
has to bend over in doing so. In these passageways there is an open 
lead gutter, heated by steam pipes. If it is desired to avoid such 
passageways the gutter is supported on posts between the buildings. 
The pipes are placed in boxes, surrounded by a heat insulator and 
supported on the posts. Open gutters arc covered with wooden 
covers, and acid gutters with lead covers, to prevent foreign bodies 
falling into them. Great care must be taken in their installation to 
prevent stagnation of any nitroglycerine or acids. Sinee ruptures 
can occur at the joints, from buckling or too great stiffness with 
changes of temperature, frequent inspection of the pipes is required, 
and consequently accessibility. To protect them from freezing in 
winter a warm water pipe is placed beside the acid or oil pipe. After 
the nitroglycerine has passed through these pipes they are earefully 

1 In the United States the gutter is preferred for ease of cleaning.— 
Translator. 
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washed out with water, in order to free them as far as possible from 
this material, and to avoid danger of propagation of explosion. 

FLOORS 

Special care must be taken with the floors of the work rooms. In 
the vicinity of the apparatus a lead floor with a rim about one centi- 
meter high is usually placed, so as to be able to clean up easily any 
acid or nitroglycerine escaping via leaks or as spray, and to prevent 
the floor from being set on fire from any concentrated acid which may 
overflow. In order to be able to render any spilled nitroglycerine 
immediately harmless wooden or hard rubber buckets filled with water 
and provided with a sponge, are always kept in readiness. The rest 
of the floor is smoothly planed, closely laid wood, frequently covered 
with linoleum. 

NEW METHODS OF CONSTRUCTION 

Recently Bichcl 3 proposed a complete change in the method of 
constructing nitroglycerine buildings. He started with the fact that 
even a decade ago in Germany explosive magazines were constructed 
not, as formerly, of light wood but of gravel-concrete. These maga- 
zines were covered with earth and had the advantage that they were 
safe against breaking in and theft, offered protection against falling 
missiles from adjacent explosions, and required no repairs. On an 
explosion in their interior the gravel-concrete was disintegrated to 
dust and no large pieces were formed, as was proven by test explo- 
sions in such constructions with 1500 and 500 kg. of gelatine 
dynamite. The proposal consisted in the extension of this method 
of construction to the manufacture of explosives themselves. Gutt- 
mann, in his discourse entitled "Twenty Years' Progress in Explo- 
sives" had already proposed the same thing, but with this difference, 
that he proposed reinforced concrete buildings standing in the open 
but surrounded by walls to afford protection against flying objects 
and fire. The buildings were to be covered by a horizontal concrete 
roof, double reinforced by 10 mm. round steel and filled with earth. 
Quite properly Biehel feared that on explosion of such a building too 
large pieces would be formed, and that on adjacent explosions they 

s Z. Schiess- u. Sprengstofiw., 1910, p. 182; DicheL, Neuervngen in der Anlage 
txm Sprengstofffabriken. 
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would be crushed in from the heavy roof. Bichel therefore recom- 
mended arched construction and burying in the ground completely, 
and used only a very thin iron net work. At first he limited his 
proposal to small plants having a moderate output, on account of the 
limited applicability of arches. For a true arch light pumice stone 
masonry was to be used. The arched buildings, which in general are 
open to daylight only on one side, are wholly in the ground or in high 
barricades and covered with a layer of earth one meter thick. The 
following advantages are to be expected of this massive construction: 

1. In case of explosion within the building few and small missiles. 
The unprotected side is protected by a special, high wall. 

2. Great resistance of the different buildings to adjacent explosions. 

3. Since the center of explosion, lying deep in the ground, will 
consume a great part of the energy in destroying the materials of 
construction and throwing about and disintegrating the surrounding 
earth, the effect of pressure of the gases of explosion, cither far or near, 
and the corresponding danger will be less. 

4. The danger from lightning, which is considerable in explosive 
plants, must be reduced appreciably by an earth covering. 

5. A fire in the building is almost out of the question, Bince only 
the doors and window frames are of wood, and the rest of the building 
is incombustible. 

6. Flying missiles from adjacent explosions would fall on the earth 
covering and could not propagate the explosion, as frequently occurs 
with lightly roofed buildings in the open. 

Finally, repair and maintainance costs are practically eliminated 
by painting the wood and roof. The narrowness of the rooms, their 
poor lighting, which in cloudy weather often necessitates artificial 
illumination, their difficult ventilation, and the difficulty of altera- 
tions and repairs, are disadvantages. 

Although meanwhile the Bichel method of construction has been 
adopted with good results in some plants it has not been in particu- 
larly large plants. They have been content with operations of 100 to 
150 kg. of glycerine or 230 to 350 kg. of nitroglycerine per charge, 
but by building a suitable number of systems in the plant a consider- 
able output has been obtained. 

It has been found to be particularly advantageous to conduct the 
nit ration, separat ion and washing of nitroglycerine in a single, arched 
building, the space relations naturally not permitting of very large 
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charges. For a large output a definite number of such combined 
gystems are laid out, this having the advantage that in case any one 
of the systems is destroyed or suffers an interruption to operations, 
after repairing the pipes in the other systems production can be con- 
tinued, whereas with separate buildings for the different operations 
a destruction of a portion of the plant naturally stops the operation 
of the entire plant. In this kind of a plant there is absolutely no 
running of nitroglycerine from one building to another, so that a 
propagation of explosion in this way is excluded. The finished nitro- 
glycerine passes from the wash tank through a short pipe through 
the wall, and in a recess in the wall hard rubber buckets are filled 
with it and at once taken to a distant oil storage, built in the same 
manner, where the filtration is done. From here weighed quantities 
arc carried to the gelatinizing or mixing house, also built upon the 
same principle. Figures 1G to 20 show the method of construction 
and fitting out of such plants. 

This construction principle has proven the best in two explosions 
in the last ten years, where the destruction was almost completely 
limited to the explosion center. 



CHAPTER XII 



Physical, Chemical and Physiological Properties 

physical properties 

Nitroglycerine is an oily liquid, absolutely colorless and water- 
white in a pure condition. The commercial product is always yel- 
lowish or wine-yellow to brownish-yellow, depending upon the depth 
of the eolor of the glycerine used, but it is lighter in color than the 
latter. Absolutely colorless nitroRlycerine can be made readily from 
water-white, chemically pure glycerine and pure reagents and avoid- 
ance of high temperatures of nitration and stabilization. 

It is odorless at ordinary temperatures, but at temperatures above 
50°C. a slight, peculiar odor is perceptible, especially when entering 
a work room where warm nitroglycerine is being used. Its taste is 

sweet and burning. 

The Bpecific gravity is 1.60 at 15°C, 1.614 at 4°C, and 1.591 at 
25°C I Precise determinations by Beckerhinn, 1.5991, and Kast, 
1.5995 at 15°/ 15° eomc extraordinarily close to the accepted value of 
1.60. On freezing it contracts 10/121 of its volume and then has 
a specific gravity of 1.735 at 10°C. The index of refraction is n D = 
1.4744 according to Marpmann. 2 

The viscosity is 2.5 times that of water and many times less than 
that of glycerine. The time taken to run out of a 10 cc, pipette at 
20°C. is: 



Water 6 

N i 1. r ogly cerine 15 

Glycerine 540 

Volatility. The vapor pressure is extremely small at ordinary 
temperatures. Only from about 50°C. and up does the volatility 
become appreciable, so that consideration has to be taken of this 
factor in analytical work like removal of solvents. Toward 100°C. 
nitroglycerine is very volatile. 

1 Perkin, /. Chem. Soc., London, vol. 55, p. 685. 
> A^olheker-Zlg., vol. 7 r p. 312 (1892). 
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Twenty grams of nitroglycerine in an open weighing glass 70 
in diameter lost : 



Stored at 50°C. for 24 hours. . . 0.04 grams, or 0.2 per cent 
Stored at 75°C. for 24 hours. . . 0.32 grams, or 1.6 per cent 
Stored at 100°C. for 24 houra.. . 2 grams, or 10 per cent (abt.) 

Thus the volatility at 75°C. is eight times, and at 100°C. fifty times 
as high as at 50°C. Marshall and Peace 3 give the vapor pressure as: 



20° 30° 
0.00025 0.00083 



40° 
0.0024 



50° 
0.0072 



60° 
0.0188 



70° 
0.043 



80° 
0.098 



93.3°C 



o.: 



Ground cordite was used for the determination instead of liquid 
nitroglycerine, and a definite quantity of air was passed through it at 
the given temperature. From the loss of weight of the cordite and 
the quantity of nitroglycerine condensed from the air passed through 
the stated values were determined. Water vapor raises the vola- 
tility.* However, nitroglycerine is relatively difficult to volatilize 
with steam. Only about 8 grams pass over with one liter of water 
in a steam distillation. 

Nitroglycerine cannot be distilled without decomposition. On 
heating in a paraffin bath it begins to boil above 140°C. This ap- 
parent boiling is due to a rapid decomposition and development of 
nitrous vapors, giving a distillate of nitroglycerine and dilute nitric 
acid. Distillation does not take place without decomposition, even 
in a vacuum, and as far as is known no exact determination of its 
boiling point has been made. 

Melting point. Nitroglycerine crystallizes in two modifications of 
considerably different melting points, and shows to a high degree the 
phenomenon of supercooling. This circumstance, and the very low 
velocity of crystallization may be why the phenomenon of crystalliza- 
tion and the exact crystallizing point of nitroglycerine was determined 
at a rather late date. S. NauckhofT 5 and H. Kast 6 are to be thanked 
for exact determinations of this point. Kast found that nitroglyc- 
erine may crystallize in two allotropic modifications, or in a labile 
and stabile form, of which only the first can be converted into the 
other, which occurs readily, so that there is a monotropie allotropy. 

! i f C - L ( m ®> vol. 109, p. 29S. 

Weinberg, Z. Schiess- u. Sprengslojfw. (1011), p. 431. 
, *• ^ffew- Chem. (1905), p. 11; Z. Schiess- u. Sprengstojfw. (1911), p. 124. 

Z - u. Sprengstojfw., (1906), p. 225. 
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Nauekhoff observed only the stabile modification, and in 1905 
determined its freezing point as 12 to 12.4 D C. for chemically pure, 
and 10.4 to 10.5 D C. for several different samples of commercial nitro- 
glycerine. Later, in 1911, he recognized the higher value given by 
Kast in 1906 as correct, so that the preparation he formerly con- 
sidered as chemically pure eould not have been pure enough, and the 
value published by Kast must be considered as correct. Kast gives 
in table 3 the crystallizing and melting points of both modifications 
of chemically pure nitroglycerine and for two commercial grades 
obtained from two different samples of guhr dynamite. 

Determination of freezing and melting points. On account of the 
phenomenon of supercooling, the freezing point cannot be determined 

TABLE 3 

Crystallizing and Tnelting points of nitroglycerine 



KIND OF NITROGLYCERIN!! 



Chemically pure 

Commerical, from guhr 
dynamite I 

Commercial, from guhr 
dynamite II 



by merely measuring the temperature at which crystallization com- 
mences, but it can be determined by observing the highest tempera- 
ture assumed by a thermometer inserted into a supercooled nitro- 
glycerine when the latter freezes, the crystallization being initiated 
by seeding with a crystal of nitroglycerine, Nauekhoff operated as 
follows: 

The nitroglycerine in a tube provided with a thermometer and a stirrer, is 
supercooled by immersing in ice water. After starting the crystallization 
by introducing a seeding crystal the tube is placed in a larger tube, so that the 
air jacket protects it from a too rapid loss of beat. Then the apparatus is 
placed in a water bath whose temperature is somewhat lower than the freezing 
point of nitroglycerine. During freezing it is stirred, bo that only finely di- 
vided, solid nitroglycerine forms. At first the temperature rises rapidly, then 



APPEARANCE 


9BH 




CONTEST 


Labile 
I 


Statulc 
II 


Almost water- 
white 


per cent 

18.50 


2.1 


13.2 


Yellowish 


18.48 


2.2 


13.1 


Yellowish 


18.46 


1.9 


12 3 



POINT 



MBIjTIKO 



Labile 
I 


II 


2.8 


13.5 


2.8 


13.5 


2.5 


13.1 
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slowly, until finally it remains constant at the true freezing point of the 
nitroglycerine. 

The determination of the melting point is somewhat simpler, Nauekhoff 
used the device shown in figure 21. A glass tube, a, with the lower part blown 
out to a thin-walled pipette with a point 1 mm, long, ie partly filled with super- 
cooled nitroglycerine, which is frozen by seeding- The small tube is fastened 
to a sensitive thermometer, b, the point of the tube being opposite the bulb of 
the thermometer. The whole is then placed in a beaker of water, c, the tem- 
perature of which is somewhat below the melting point of the nitroglycerine, 
or about 10 to 11 °C. The glass beaker is protected by a larger beaker, d, bo 
that the water will not take up heat too rapidly from the surrounding air- 




Fig.21 Fig. 22 

Fig. 21. Nauckhoff Melting Point Apparatus 
Fig, 22. Kast Meltisg Point Apparatus 



The temperature of the water rises fast enough when working at ordinary room 
temperatures. The water is stirred constantly by the stirrer, e 9 and the 
temperature watched to note that at which the first drop of nitroglycerine 
shows at the point of the pipette. In order to press out the melted nitro- 
glycerine as it forms, and to keep the frozen nitroglycerine in close contact 
*nth the walls of the container the tube is filled with water. 

Kast used a similar device, figure 22, to determine freezing, or crystallisa- 
tion, and melting points. In the first case a freezing mixture is employed, and 
^ the Becond water at a suitable temperature. 

To determine the freezing point 15 cc. of nitroglycerine arc placed in a wide 
test tube, a, provided with a thermometer, *, and a mechanical stirrer, r, 
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surrounded by a second similar test tube, 6, to insulate it by a layer of air, and 
firmly held in place by two rubber rings, g. Both test tubes are inserted into 
a wide-mouthed Erlenmeyer flask containing the freezing mixture, c, which 
is in turn suspended in an empty battery jar, e, having a wooden cover. After 
the nitroglycerine has cooled sufficiently, or to about 8° below the crystallizing 
point, a seeding crystal is added and the thermometer watched while stirring 
constantly. The highest temperature is taken as the crystallizing point. 

The same apparatus iB UBed to determine the melting point, the freezing 
mixture being merely replaced by water at a suitable temperature. That 
temperature is taken as the melting point at which the frozen mass begins 
to become transparent enough to render it possible to see the thermometer 
from the outside. This point coincides exactly with that point at which the 
temperature begins to rise rapidly after it has previously remained constant 
to within a few tenths for a long time . 

According to Kast the melting point is more or less above the crystallizing 
point, depending upon the purity of the nitroglycerine, and can be fairly 
sharply determined, so that the various values agree to within one- or two- 
tenths of a degree On the other hand, the crystallizing point is found to be 
dependent upon the speed with which the crystallization starts and proceeds. 

Hibbert 7 continued these investigations, and gave the crystallizing 
points as 1.9° and 13.0°, and the melting points as 2.0° and 13.2° for 
the labile and stabile modifications respectively. This small differ- 
ence from East's observations is of no practical significance, and can 
be explained by different methods of reading, assuming equally pure 
products were used. 

As regards the temperature interval between crystallizing point 
and melting point Kast 8 mentions at another place that such will be 
found even with the purest of substances if the point taken as the 
melting point is the point at which the whole mass is molten. 

The interval actually is not present, but is due merely to the manner of 
carrying out both determinations, since in one case the medium is at a higher, 
in the other case at a lower temperature than the material to be tested. The 
height of both points is thus dependent upon the temperature of the surround- 
ing medium. But while the crystallizing point under the given conditions, 
with pure substances, is always determined sharply to within 0.1°, with the 
melting point determination there is aways a more or less wide field of melt- 
ing, the wider the more impure the product. In the same sense the interval 
between crystallization and melting points becomes greater. 



7 Eighth International Congress of Applied Chemistry, New York, 1912, 
4, 37; and Z. Schiess- «. Sprengsioffw. (1914), p. S3. 

8 Spreng- und Ziindstotfe, p. 165, Vieweg und Solin, 1921. 



PHYSICAL, CHEMICAL AND PHYSIOLOGICAL PROPERTIES 113 

Supercooling and velocity of crystallization. According to Tam- 
mann 9 the spontaneous crystallizing powers, expressed by the number 
of spontaneously forming crystallization centers in a unit of weight of 
the supercooled liquid per unit of time at a given temperature, and 
the linear crystallization velocity, i.e., the distance to which the 
limits between crystallized and liquid states move in a given time 
unit, govern the supercooling properties of a liquid. The spon- 
taneous crystallizing properties of nitroglycerine are not known, but 
are apparently very small. Since its linear velocity of crystallization 
is also very small, the ease of supercooling is very appreciable. To 
bring small quantities of nitroglycerine into spontaneous crystalliza- 
tion is extremely difficult unless it has been previously crystallized 
and thawed without large temperature rises. Small quantities of 
nitroglycerine can be subjected to freezing mixtures for long periods 
without freezing. The same is true of nitroglycerine explosives. 
On very strong cooling in a mixture of solid carbon dioxide and ether 
nitroglycerine is converted into a solid, glassy, amorphous state, 
but it becomes a thin liquid again on warming to below its crystalliz- 
ing point. Crystallization occurs more easily with large masses, 
apparently because the possibility of forming centers of crystalliza- 
tion is increased. Thus it happens that the freezing of dynamite 
shipments in long transportation at winter temperatures, or stored 
in unhcated buildings in winter, is a quite common phenomenon, 
and the thawing of the dynamite before use is frequently necessary. 
Nitroglycerine once frozen always freezes spontaneously and imme- 
diately when cooled below its freezing point, i.e., without seeding, 
provided that it has not been strongly heated in thawing. After 
thawing it apparently remains in a physical state different from the 
usual condition, which can be ascribed to definite molecular vibration 
paths. On the other hand, if thawed nitroglycerine samples are 
heated for some time to 50°C. this condition disappears, and the 
usual supercooling phenomenon now appears on eooling below the 

crystallizing point. 

The linear velocity of crystallization was measured by Nauckhoff 10 
at various temperatures, and found to be very small: 

+5°C. <TC. -5°C. -17°C. 

0.145 1 183 0-267 0.125 mm. per minute 

1 Tammann, Z./. physical. Chcm. (1898), vol. 25, p. 442. 
10 Z. angew. Chem. (1905), p. 16. 
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In general this velocity rises with falling temperatures, but on the 
other hand it falls with increasing viscosity, and at temperatures 
below— 5°C. the latter effect seems to predominate, according to 
Nauckhoff's measurements. This agrees with the observations in 
practice, where pipes carrying nitroglycerine freeze most easily with 
gentle frosts. 

The labile and stabile crystalline forms. Kast* who in his investiga- 
tions usually crystallized nitroglycerine in the form of guhr dynamite, 
was unable to determine any regularity in the formation of the labile 
or stabile forms, but did find that chemically pure nitroglycerine is 
more difficult to crystallize, but that it always crystallizes in the 
labile form, and that a less pure nitroglycerine on the other hand 
freezes more readily but mostly in the stabile form- 
On contact with a crystal of the stabile form the labile form goes 
over into the other form immediately, or without such contact after a 
certain time. Thus it happens that in actual practice frozen dyna- 
mite always contains nitroglycerine in the stabile form, and up until 
the discovery of Kast only the latter, i.e., that of the higher melting 
point, was known. The labile form can be differentiated from the 
stabile form by its glassy appearance, but better by its rapid melting 
in a water bath heated to 6 to 8°C. 

Hibbert 11 specifies the following test conditions to obtain the labile 
or stabile isomers with certainty : If freshly prepared nitroglycerine, 
which has not been frozen, is mixed with wood meal, cotton, powdered 
glass wool, or powdered stoneware, preferably powdered glass wool, 
and the mixture stirred vigorously and cooled to — 40 °C. the labile 
isomer is always formed. Another sample of the nitroglycerine is 
seeded with a small quantity of the frozen product, likewise stirred, 
whereupon the nitroglycerine crystallizes in the labile form. 

If, on the other hand, it is mixed with wood meal and powdered 
sodium nitrate, the stabile isomer is formed under otherwise similar 
conditions. Nitroglycerine once frozen gives sometimes the labile, 
sometimes the stabile form with wood meal. As far as the former is 
formed, it goes readily over into the stabile form, for example by 
vigorous stirring with a glass rod. If the previously frozen product 
is mixed with wood meal and sodium nitrate the stabile form always 
occurs. Ammonium nitrate acts like sodium nitrate. On the other 
hand, potassium nitrate has no effect in this connection. 

11 Z, Schiess- u. Sprengstoffw. (1914), p. 83. 
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Hibbert 12 gives exact observations on the conditions of conversion 
of the isomers. According to him, any nitroglycerine crystallizes 
in the form with which it is seeded. The crystallized, labile isomer 
can be preserved for a long time, one or two weeks, without change, 
but the crystals gradually lose their transparency and pass over into 
the stabile form. The latter can never be converted into the labile 
form again without passing through the liquid phase. If the nitro- 
glycerine has previously been frozen in the stabile form, and after 
melting frozen in the labile form by seeding, the conversion takes 
place readily. In general a vigorous stirring suffices for this, for 
example with a glass rod at -20 to -60°C. Occasionally the change 
occurs without apparent cause. If the labile crystals are stirred in 
contact with a stabile crystal at 2 to 4°C. the conversion of the whole 
mass takes place within thirty to forty seconds with a 10° rise in 
temperature. 

Both isomers, when melted and heated for a short time to 20 to 
30°C, on cooling crystallize spontaneously again in the original form, 
so that it must be assumed that both forms also exist in the liquid 
state. These facts led Hibbert to suspect 13 that possibly it is not only 
a question of physical but also chemical isomerism, as is conceivable 
bv the following structural formulae: 
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a Z. Schiess- u. Sprengstoffw. (1914), p. 126. 

» Z. Schiess- «. Sprengstofw. (1914), pp. 306 and 321. See also Nauckhoff 8 
Investigations. 
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Up to the present t ime no proof in this connection seems to have been 
brought forward as regards any different behaviour of the two liqv 
forms, either chemically or physically, e.g., solubility. 

Crystal form. The crystal form of the stabile isomer has been 
determined by Flink," and of the labile form by Hibbert." The 
former belongs to the dipyramidal rhombic, the latter to the triclinic 
system (see plates). 

Specific heal, latent heal affusion, heat of conversion. These physi- 
cal constants have been determined by various authors, at first in 
part by Beekerhinn, 1 * later by Nauckhoff,' 7 and finally by Hibbert 
and Fuller. 1 " The specific heat of liquid nitroglycerine is given by 
Nauckhoff as calorics, for solid as 0.315 calories. The heat of 

conversion of the isomers was determined by Hibbert and Fuller, 
together with the heat of crystallization or latent heat of fusion, after 
overcoming great experimental difficulties, partly due to the slow- 
ness of the crystallization, by the aid of the Bunsen ice calorimeter, 
as 28.0 calories per grain. The following heat evolutions were 
determined: 

Ortm Uoi.t+lv 

1. Liquid phase - labile, solid phase 5.2 1180.4 

2. Labile, solid phase -stabile, solid phase 28.0 63560 

3. U.|ui.] phase- stabile, solid phase 33 2 7536 4 

The theory of the freezing point depression of nitroglycerine, as 
well as the actual reduction of the freezing point by impurities and 
by suitable additions, is treated in the introduction of the chapter on 
Non-Freezing Dynamites. 

Solubility relations^ 

Nitroglycerine is characterized by high solubility in most organic 
solvents, and likewise by being itself an extraordinarily good solvent. 

Schxese- u. Sprmg^vffic. (1911), p. 124. 
11 Z. .ScM>M- u. Spren^logu. f 1914), pp. 87 and 126. 

SiUungtber. d. Akad. der Wisa. Wicn., October 2, 72, 750, etc. 
" Z.angew.Chcm. U905), pp. 11 and 53. Z. Schiess-u. Sprengstoffie. (1911), 
p. 124. 

" Z. Schiees- u. Sprengxloffw. (1914), pp. 273 and 296- 

11 According to some de terminal iocs by the author, localise the available, 
data in the literature are often inaccurate. 
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These relations mean solubility in all proportions in many of the 
known solvents. Nitroglycerine is miscible in all proportions at 
ordinary temperatures with the following liquids: 

Methyl alcohol Pyridine 
Acetone Nitrobenzene 
Ether Nitrotoluenc 
Ethyl acetate Liquid dinitrotolucne 

Amyl acetate Chloroform 
Glacial acetic acid Ethylene chloride 

Benzene Ethylene bromide 

Toluene Dichloroethylene 
Xylene Tetrachloroethane 
Phenol 

In aqueous acetic acid its solubility depends upon the concentration, being 
appreciable in G5 per cent acid, for example, making possible a separation from 
nitrocompounds (see Explosive Analysis, Supplement). 

Certain highly substituted chlorine hydrocarbons behave differ- 
ently from the above chlorine compounds, for example, 100 parts of 
trichloroethylene dissolve only 20 parts of nitroglycerine, 100 cc. of 
carbon tetrachloride only 2 cc.; perchlorocthylenc and pentachlo- 
roethane dissolve very little. 

The ready solubility in ether, chloroform and dichloroethylene 
is of great importance in the extraction of nitroglycerine from smoke- 
less powder and explosive mixtures, on account of the low boiling 
point of these solvents and the non-flammabihty of the last two. 

It iB likewise miscible in all proportions with the homologous and 
related nitric esters, such as : 

Methyl nitrate Trimethylene glycol dinitrate 

Ethyl nitrate Dinitrochlorohydrine 

Nitroglycol Acetyldinitroglycerine 

Dinitroglycerine Tetranitrodiglycerine, etc. 

Mixtures with nitroglycol, dinitroglycerine, dinitrochlorohydiine 
and tetranitrodiglycerine come into consideration as practically non- 
freezing oils. 

Ethyl alcohol occupies a peculiar position, since its solvent power 
vanes greatly with the temperature and water content. Even abso- 
lute alcohol dissolves only a limited amount at ordinary temperatures, 
while hot alcohol mixes with nitroglycerine in all proportions. The 
solubility in alcohol gradually falls with the degree of dilution of the 
latter, so that it is very slightly soluble in 50 per cent alcohol, and 
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can be almost completely precipitated from the alcoholic solution by 
the addition of water. 

Propyl, isopropyl and amyl alcohols act similarly, likewise dissolv- 
ing nitroglycerine at ordinary temperatures to only a limited degree, 
but on the other hand at temperatures of the water bath they mix 
with it in all proportions. 

Solubility of nitroglycerine in alcohol 

100 cc. absolute alcohol at 0°C. dissolves about 30.0 grams nitroglyc- 
erine. 

100 grama absolute alcohol at 0°C. dissolves about 37 .5 grams nitroglyc- 
erine. 

100 cc. absolute alcohol at 20°C. dissolves about 43.0 grams nitroglyc- 
erine . 

100 grams absolute alcohol at 20°C. dissolves about 54.0 grams nitroglyc- 
erine. 

300 cc. 96 per cent alcohol at20°C. dissolves about 31.6 grams nitro- 
glycerine. 

100 grams 96 per cent alcohol at 20"C. dissolves about 40.0 grams nitro- 
glycerine. 

At 20°C. 1 gram nitroglycerine requires for solution 2.3 cc. absolute 
alcohol. 

At 20°C. 1 gram nitroglycerine requires for solution 3,2 cc. 96 per cent 
alcohol. 

At 20°C. 1 cc. nitroglycerine requires for solution 3.7 cc. absolute 
alcohol. 

At 20°C. 1 cc. nitroglycerine requires for solution 5.0 cc. 96 per cent 
alcohol 

100 cc. 50 per cent alcohol dissolves at 20°C. 1.8 grams nitroglycerine. 
100 cc. 25 per cent alcohol dissolves at 20 D C. 0.7 grams nitroglycerine. 

On dilution of the saturated nitroglycerine solution in 50 per cent alcohol 
there is therefore a separation. On further dilution of the solution in 25 per 
cent alcohol there is no separation. Dilution curves and solubility curves are 
parallel. 

Even at about 50°C. nitroglycerine mixes with 96 per cent alcohol 
in all proportions. On the other hand, at 20°C. nitroglycerine dis- 
solves only 5.4 per cent alcohol, and at 0°C. only 3.4 per cent. 

Nitroglycerine is only slightly soluble in carbon disulphide, which 
is important in the separation of nitrocompounds when analyzing 
explosives, the latter being soluble in this solvent. 
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At ordinary temperatures 100 cc. of carbon disulphide dissolves 
1.25 grams of nitroglycerine, but on the other hand, 100 grams of 
nitroglycerine dissolves 2.5 grams of carbon disulphide. 

Nitroglycerine is almost insoluble in glycerine at ordinary tem- 
peratures, and is only very slightly soluble on heating. The simplest 
divalent alcohol, glycol, assumes an intermediate position between 
ethyl alcohol and the trivalent alcohol glycerine as regards solvent 
powers, since it dissolves nitroglycerine to a certain extent, 100 parts 
of glycol at 20 °C. dissolving 12 parts, and at 80°C. 20 parts of 
nitroglycerine. 

Contrary to older statements nitroglycerine is not wholly insolu- 
ble, but only slightly soluble at ordinary temperatures, and even 
less soluble on heating, in the light and heavy mineral oils consisting 
mainly of paraffin hydrocarbons like benzine, ligroin, petroleum, 
paraffin oil and vaseline oil, but more readily soluble on the other 
hand in fatty oils, e.g., in castor oil, in 4 parts of olive oil at 100°C, 
in 5 parts at 20°C, in 5 parts of rapeseed oil at 100°C., and 7 parts 
at 20°C. 

100 grams ligroin at 20°C. dissolves about 1.5 grams, at 80° about 6 

grams nitroglycerine. 
100 grams petroleum at 20°C. dissolves about 2 grams, at 80° about 6 

grams nitroglycerine. 
100 grams paraffin oil at 20°C. dissolves about 4 grams, at 80° about 9 
grams nitroglycerine. 

Solubility in water. Nitroglycerine is very slightly soluble in water, 
although not completely insoluble, and consideration should be 
taken of this fact in yield determinations, to avoid injuring the yield 
by washing with too large quantities of water. 

According to Will: 50 1 liter water at 15° dissolves 1.6 grams nitroglycerine. 
According to the author's tests 1 liter water at 20° dissolves 1.8 grams 
nitroglycerine. 

According to the author's tests 1 liter water at 50° dissolves 2.5 grams 
nitroglycerine. 

Solubility in aUxilies and acids. In cold sodium hydroxide or 
potassium hydroxide solutions, or in ammonium hydroxide nitro- 
glycerine is insoluble, but on heating gradual solution occurs with 
saponification. 

Concentrated sulphuric acid dissolves nitroglycerine easily, split- 

** Z. Schiess- u. Spreiigstoffw. (1908), p. 373. 
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ting off HNO3, and depending upon the conditions of concentration 
there can be decomposition to the lower nitrates or even to glyc- 
erine sulphate. One hundred grams of 98 per cent sulphuric acid 
at 20 °C. dissolves about 26 grams of nitroglycerine. 21 Then the 
HNO3 set free, which at certain concentrations tends to form nitro- 
glycerine again, leads to a state of equuibrium, and no further quan- 
tities of nitroglycerine dissolve. 

Nathan and Rintoul 22 have made exhaustive studies on the solu- 
bility of nitroglycerine in mixed acids of various compositions and 
the equilibrium conditions between such mixed acids, nitroglycerine 
and glycerine sulphate (see also under Operating Results) . 

At ordinary temperatures the very strongest nitric acid, specific 
gravity 1.5, mixes with nitroglycerine in all proportions. Its solvent 
powers decrease with increasing water content. Nitric acid con- 
taining 65 per cent HNO s , specific gravity 1.4, at 20°C. dissolves 
about 8 grams of nitroglycerine per 100 grams of the acid. Solu- 
tions of nitroglycerine in nitric acid undergo rapid decomposition on 
standing, with oxidation and evolution of nitrous acid. 

Nitroglycerine is insoluble in cold, concentrated hydrochloric acid. 
On heating there is a gradual decomposition, with formation of a 
dark yellow color and development of nitrosyl chloride. 

Solvent powers for nitrocompounds. There still remain to be men- 
tioned the appreciable solvent powers of nitroglycerine for the nitro- 
compounds of the aromatic series, especially when warm, because 
this is important in the manufacture of plastic and gelatinous ex- 
plosives, since the nitrocompounds, just like nitroglycerine, gelatinize 
nitrocellulose- For example, dinitrotoluene and trinitrotoluene, 
when warm, mix with nitroglycerine in all proportions to a clear melt. 
A fusion of equal parts of nitroglycerine and pure 2,4,6-trinitroto- 
luene is still liquid at about 60°C. On cooling the solution or eutectic 
mixture the nitrocompound in part crystallizes out, showing a 
tendency to supercool. 

100 grams of nitroglycerine at 20°C. holds 35 grams of dinitrotoluene in 
Bolution. 

100 grams of nitroglycerine at 20°C. holds 30 grams of trinitrotoluene in 
solution. 

11 100 grams of 70 to 80 per cent sulphuric acid dissolve only about 7.5 grams 
nitroglycerine. 

» J. S. C. I. (1908), vol. 27, p. 143. 
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Solubility powers for nitrocellulose {gelatinizing powers). Nitro- 
glycerine has a very appreciable solvent action on certain kinds of 
nitrocellulose, which are designated as collodion nitrocotton or soluble 
nitrocellulose. It dissolves them on long standing of the mixture at 
ordinary temperatures, or after a short time, e.g., fifteen to twenty 
minutes, at higher temperatures such at 60 to 65°C, to a more or less 
stiff colloid, depending upon the concentration of the solution. For 
example, 100 parts of nitroglycerine, even with 2.5 parts of collodion 
nitrocotton, form an elastic, non-leaking colloid, which can be cut 
and which will retain its shape at ordinary temperatures. The qual- 
ity of the collodion nitroeotton determines the quantity of the latter 
required, or the proportion of collodion nitrocotton present. This is 
called its "gelatinizing power." Aromatic nitrocompounds or sub- 
stituted ureas (centralite) dissolved in the nitroglycerine promote the 
colloid formation. This property of nitroglycerine, discovered by 
Nobel, is important in the manufacture of plastic (gelatine) explo- 
sives, blasting gelatine and smokeless powder. 

A summary of the solvents for nitroglycerine, approximately 
corresponding to the above more accurate data, is found in Gutt- 
mann, Industrie der Explosivtoffe, page 437, and Escales, Nitro- 
glycerin und Dynamit, p. 133. 

CHEMICAL PROPERTIES 

Chemical investigation; stability, and decomposition 

Nitroglycerine shows the chemical nature of an ester. On reduc- 
tion, for example with tin and hydrochloric acid, glycerine is re- 
generated, while on reduction of a true nitrocompound, for example 
nitromethane or nitrobenzene, the corresponding amido compounds, 
methylamine and amline, arc formed. It therefore contains no 
nitrogen atoms directly attached to carbon atoms, and is formed by 
condensation and not by substitution. Its structural formula is 
therefore : 



CH — O— NO* 
! 
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and, as mentioned in the introduction, the designation of nitroglyc- 
erine is improper and has only the value of an adopted and deep- 
rooted abbreviation. The proper designation is glyeerine trinitrate 
or the trinitric ester of glycerine. Therefore it is saponified by alkalies, 
particularly easily by alcoholic potassium or sodium hydroxide, 
wherein the glycerine is partly converted into organic acids by oxida- 
tion, while on the other hand nitrite is formed in addition to sodium 
nitrate- According to Hay 2 * the saponification with alkalies is 
according to the following equation: 

CH^ONOs), + 5KOH = KNO s + 2KN0 2 + CHiCOOK + HCOOK + 3H,0 

However, this equation does not embrace all the processes in the 
reaction because other products, such as aldehyde resin, oxalic acid 
and ammonia have been observed. 24 

In the alkaline saponification glycerine does not appear as the 
product of the saponification. 26 If the saponification is by caustic 
alkali in the presence of phenyl mcrcaptan, glycerine appears as the 
product of the saponification and the phenyl mcrcaptan is converted 
into di phenyl sulphide. 26 

Alkali sulphides are still more powerful saponifying agents, K 2 S, 
KIIS and CaS reforming glycerine. 27 

Hydroiodic acid of specific gravity 1.5 decomposes nitroglycerine 
into glycerine and nitric oxide. 28 

According to Haussermann 29 nitric oxide in the form of ammonia 
is split off on reduction with zinc and acetic acid. 

Nitroglycerine dissolves readily in concentrated sulphuric acid, 
splitting off nitric acid, which latter becomes evident by the fuming 
of the acid. Under certain conditions there can bq. decomposition to 
glycerine sulphate, i.e., an acid saponification. 

« Monti. Scient., vol. 15, p. 424, and Jahr esber. (1885), p. 1173. 

u Regarding the alkali saponification see also Vignon and Bay, Bull. soc. 
chim. -biol (3), vol. 29, p. 26 (1903); C. R. f vol. 135, p. 507 (1902); Silberrad and 
Famer, J. Chem. Soc., vol. 89, p. 1759 (1906); Berl and Delpy, Ber. t vol. 43, 
p. 1421 (1901) and other literature. 

a Carlson, Ber., vol. 40, p. 4192. 

"Klason, Carlson: Ber., vol. 39, p. 2753, C. 1907, II, p. 1226. 
" Jahresber. (1883), p. 858; Chem. News, vol. 47, p. 169 (1883). 
» Mills, Jahresber, (1864), p. 494; /. Chem. Soc., vol. 17, p. 153 (1864). 
** Further chemical action: MacDonald, Arms and Explosives (1908), 
April and May; Z. Schiess- u. Sprengstoffv}. (1908), p. 425. 
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Chemical decomposition of nitroglycerine leads first to the lower 
degrees of nitration, mainly dinitroglycerine. German patent 1 75751 
(1904) discloses a method of preparation of dinitroglycerine based 
upon this reaction. 

When nitric acid acts upon nitroglycerine for a longer period, or 
more rapidly at higher temperatures, there is a complete decomposi- 
tion with evolution of nitrous vapors and formation of an acid syrup 
composed of oxidation products, among them glyceric acid (see also 
chapter on Stability). 

Chemical tests 

1. Determination of moisture. Nitroglycerine manufactured on a 
commercial scale is slightly turbid when fresh, on account of a 0.4 to 
0,6 per cent moisture content. It is not hygroscopic, and has very 
slight solvent power for water. Clear nitroglycerine can contain 
at most 0.1 to 0.2 per cent moisture. 

This moisture is determined by drying nitroglycerine, spread out 
in a thin layer in a calcium ehloride desiccator, until constant weight 
is obtained. Also a short period of heating in a shallow, open dish at 
40 to 45°C. gives sufficiently accurate results. 

2. Acidity and alkalinity. Before using, nitroglycerine must be 
absolutely neutral, and should contain neither traces of acid nor free 
alkali. The former causes gradual decomposition on standing. The 
latter, which may be due to unextracted sodium carbonate, can be a 
source of deception in the stability test, because it gives a higher 
stability than is actually the case. An excess of sodium carbonate can 
conceal unextracted traces of acid still present, and can even act as 
a saponifying agent. For this reason the sample is shaken vigorously 
with distilled water, separated in a funnel, and the water tested by 
methyl orange or Congo Red. If necessary, the alkali can be titrated 
by 0.1 N acid. 

S. Chemical analysis. Determination of the nitrogen content is 
usually employed in deciding the chemical purity. The nitrogen 
content of commercial nitroglycerine is about 18.40 per cent, but 
with chemically pure, water-white and clear nitroglycerine the 
theoretical figure of 18.50 per cent, or within the experimental analyti- 
cal error of 18.48 to 18.52 per cent, is always found. 

The nitrogen can be determined by various methods. The most 
sunple and undoubtedly the most reliable is the decomposition with 
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sulphuric acid, reduction by mercury, and volumetric determination 
of the evolved nitric oxide by a Lunge nitrometer, as is quite custom- 
ary in all explosives plants. A description and method of operation 
of this apparatus is given under Nitric Acid Analysis. The method 
of use here does not differ appreciably from that in the analysis of 
mixed acid. Lunge himself describes the determination of nitrogen 
in nitroglycerine by means of the nitrometer in Dingler's Polytech- 
nischen Journal, volume 245, page 171- Hess 3 * and Hempel* 1 also 
used this method for nitroglycerine. 

Hess weighed out a small quantity of nitroglycerine, e.g., 0.12 gram, in a 
glass weighing bottle, dissolved it in concentrated sulphuric acid, poured the 
solution into the upper bowl of the nitrometer, washing out the weighing bottle 
firBt with concentrated and then rather dilute sulphuric acid of about 2 parts 
of acid to 1 of water. Since the weighing bottle and the upper part of the bowl 
of the nitrometer must be washed out quantitatively, which means several 
times, in order to wash the nitroglycerine solution completely into the reaction 
bulb, too much sulphuric acid was consumed and had to be corrected for. 
Moreover, the method is somewhat inconvenient and small losses can be caused 
by splashing and fuming of the nitric acid present. It is Bimpler to allow the 
required amount of nitroglycerine to drop out of a weighing pipette, weighed 
both before and after, into the upper bowl of the nitrometer, suck in the main 
quantity by a slight negative pressure, and quickly add sulphuric acid, which 
can likewise be rapidly sucked in by a quick and careful opening and closing 
of the stopcock, so that the last few drops of nitroglycerine which rapidly 
float to the surface, will be sucked in with it. Repeating this operation twice 
transfers the nitroglycerine completely to the reaction bulb- The washing 
can also be done with a somewhat weak and consequently lighter sulphuric 
acid, in which the nitroglycerine sinks. If the measuring tube is graduated 
from 100 to 150 cc, and the reaction bulb is 100 cc. a sample of 0.38 to 0-42 
gram is weighed out. 

If mixtures of nitroglycerine and mononitrocompounds, such as mononi- 
tronaphthalene or other easily nitrated substances like centr&lite, are to be 
analyzed, as may happen in the analysis of explosives or double base smokeless 
powders which have undergone extraction, this method of determining the 
quantity of nitroglycerine present is no longer applicable, because these com- 
pounds are immediately partially or further nitrated by the nitric acid split 
off from the nitroglycerine by the sulphuric acid, and a part of the nitrogen 
which would otherwise appear as NO is removed and too little nitroglycerine 
found. Nitro groups are not split off by mercury and sulphuric acid. On the 
other hand, the method is applicable to mixtures of nitroglycerine and di- or 
trinitrotoluene, because at ordinary temperatures these do not absorb nitric 
acid. 



3a Mitt* Arl.-u. Geniewesen (1881), Notizen, p. 137. 

41 Z. /. arudyt. Chern., voL 20, p. 82, and vol. 26, p. 312. 
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Three factors cause the nitrometer in its simplest form to be somewhat 
time consuming and inconvenient. The mercury and the glass walls warm 
up considerably from the heat of reaction, so that after shaking there must 
be a wait of fifteen to twenty minutes before reading, to give equalization of 
temperatures. Adjustment to atmospheric pressure, which cannot be done 
by a simple leveling of the liquids in both bulbs on account of the^presence of 
the sulphuric acid, is inconvenient, requires some practice, and may necessi- 
tate repeating the analysis because of loss of gas. Finally the sulphuric acid 
occasionally forms foam or bubbles, and does not allow the meniscus to be 
read easily. For this reason it is often recommended that gas development 
be conducted in a simple shaking bulb outside of the nitrometer itself and 
having no graduations, and the gas then transferred into a mercury burette 
without the sulphuric acid accompanying it, so that reading can be done 
easily after ten minutes by merely adjusting the level tube. 

Hempel developed a special and somewhat complicated apparatus for this 
process, which is applicable to all nitric esters, but which can be replaced by a 
simple nitrometer in connection with a mercury burette. 3 * 

Determination of nitrogen by reduction with ferrous sulphate in acid 

solution 

1. Hess method: Boiling with ferrous sulphate in sulphuric acid 
solution. 

F. Hess 55 developed a method for the liquid or volatile nitric esters, which 
is an adaptation of the Champion and Pellet method, 34 also called the Schultze- 
Tiemann method, for the determination of nitrogen in nitrocellulose by boiling 
with ferrous chloride and hydrochloric acid. This latter method cannot be 
used for volatile nitric esters. The essential difference from the older methods 
is that the liquid nitric esters are not put into the boiling flask at first, and are 
not present during the boiling out of the air, because of their volatility, but 
instead the flask is at first boiled air-free with a solution of 20 to 25 grams of 
ferrous sulphate in about 100 cc- of distilled water, and then after cooling the 
quantity of nitroglycerine to be analyzed, dissolved in concentrated sulphuric 
acid, b carefully sucked in by reduced pressure and washed in quantitatively, 
firet with strong, then with weaker Bulphuric acid, and finally with water. The 
rest of the operation is the same as in the nitrogen determination of nitrocell- 
ulose by ferrous chloride and hydrochloric acid- After most of the water has 
boiled off and a certain concentration has been obtained, it must without fail 
he again cooled and 20 to 25 cc. of water added to insure all of the nitric oxide 
being set free* By using this method Hess obtained almost theoretical values, 

* Z. /. analyt. Ch&n. f vol. 20, p/82, and vol- 26, p. 312. Escales: Nitro- 
glycerin und Dynamit, p. 144. 

* Mitt. Art.- u. Geniewesen (1888), Notizen, p. 139. See also Escales: 
Nitroglycerin und Dynamit, p. 145. 

* C. 8., 83, 707. 
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namely 18.42 to 18.55 per cent N/. ( the theoretical being 18.50 per cent. In 
general this method has hardly any advantages over the nitrometer method. 

2. Wolff process: Decomposition with ferrous chloride and hydro- 
chloric acid in a current of carbon dioxide. C. H. Wolfi 35 drives out 
the air from the reaction flask by means of a current of carbon diox- 
ide instead of steam, and so avoids the inconvenience attending the 
handling of apparatus at positive and negative pressures. 

The weighed B&mple of nitroglycerine is placed in a decomposition flask 
holding about 50 cc, and 5 to 10 cc. of a mixture of previously boiled and 
eooled concentrated ferrous chloride solution, and concentrated hydrochloric 
acid is added. The flask is then closed, and a current of carbon dioxide from 
a generator passed through it to drive out the air. When the gas bubbles pass- 
ing from the gas delivery tube to the measuring tube are completely absorbed 
by the 20 per cent sodium hydroxide solution in the measuring tube the current 
of carbon dioxide is cut off and the flask very gradually heated by a small gas 
flame to start the decomposition of the nitroglycerine and the formation of 
nitric oxide. When the decomposition is finished the flask is heated more 
strongly and finally boiled until only a few cubic centimeters remain. Finally 
the last traces of nitric oxide are swept into the measuring tube by again 
passing carbon dioxide through the system. 

For the sake of completeness the following methods of analysis 
should also be mentioned : 

The nitrogen in nitroglycerine can also be converted into nitric 
acid and the latter titrated or determined gravimetrically, e.g., by 
nitron. 

Hampe 38 decomposes nitroglycerine by means of concentrated sul- 
phuric acid and mercury, converts the compounds of nitrogen and 
oxygen which have been formed into nitric acid by oxygen and hydro- 
gen peroxide, and determines the latter by titration. 

It would be simpler to convert the nitric acid of the nitroglycerine 
into a mixture of nitrate and nitrite by saponification with alkali in 
the presence of hydrogen peroxide, so that on acidifying in the pres- 
ence of hydrogen peroxide the nitrite would be converted completely 
to nitrate, and the latter determined gravimetrically by nitron. 
See the corresponding Busch and Schneider method for nitrocellulose, 
Z. Sckiess- und Spreng staff wesen (1906), page 232. 

" Reporter, d. analyt. Chem. (1881), No. 13; see also Escales, Nitroglycerin 
wid Dynamit, p. 147. 

*• Z, Berg-, Hutten-, Sal.-Wes., vol. 31. 
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Silberrad, Phillips and Merrimann 37 saponify the nitroglycerine by 
heating it for six hours with sodium hydroxide solution in a reflux 
condenser. An aliquot part of the product of saponification is re- 
duced to ammonia by two parts of zinc powder and one part of Fer- 
rum Reductum in 40 per cent sodium hydroxide, and the ammonia 
evolved determined in the usual way by absorbtion in 0.1 N acid. 
They obtain 18.39 to 18.53 per cent N., the theoretical being 18.50 
per cent. 

Chemical stability; stability tests; decomposition of nitroglycerine 

Absolutely pure nitroglycerine, completely free from any trace of 
acid, is from a chemical point of view and under ordinary conditions 
an absolutely stai>le compound, in spite of the quantity of energy 
slumbering in it and the easy release of the internal tension of the 
molecule by friction, blows between hard objects or sudden heating. 
At ordinary temperatures it remains unchanged for an unlimited time, 
as far as has been observed. Even diffuse daylight does not seem 
to affect it, since various samples have been preserved in laboratories 
for years without change. It is said that at the Avigliana plant in 
Italy samples of nitroglycerine are still preserved today which were 
made by its discoverer Sobrero, and are therefore more than seventy 
years old, which is a surprising stability considering the means then 
available. Some years ago in Sweden a shaft containing forgotten 
boreholes loaded with nitroglycerine and apparently thirty-eight 
years old was discovered, dating from a time when liquid nitroglyc- 
erine was still used as an explosive. The latter had remained 
unchanged, perhaps in a frozen condition because at a temperature 
of about 8°C, summer and winter. On detonating its full strength 
was developed. 83 

Moreover, heating to moderate temperatures prevalent in hot 
countries causes no chemical change in nitroglycerine for long periods. 
Plants exporting to Africa have retained samples of blasting gelatine 
and gelatine dynamite which have passed through the equator twice 
and been subjected to the African climate for several years without 
chemical change and without showing traces of acidity. The mole- 
cule tends to undergo chemical decomposition and split off free nitric 

n J.S. C. I., vol. 25, p. 628. 

M Z. Sckiess- u. Sprengstojfw. (1913), p. 109. 
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acid and later nitrous acid only after long-continued action of tem- 
peratures around 50°C. and up. 

This decomposition takes place gradually even at ordinary tem- 
peratures, and more rapidly the higher the temperature, provided 
that in manufacture and purification the last traces of free acid have 
not been removed by neutralization. If the nitroglycerine is sealed 
up so that the first traces of decomposition products cannot escape, 
the latter act as catalysts in the sense of favoring the decomposition, 
i.e., an acid saponification with oxidation. 

Although the reaction is exothermic, it proceeds to the end without 
danger when only small quantities are involved. At ordinary tem- 
peratures acid nitroglycerine samples give up all of their nitrogen 
in the form of nitrous vapors very slowly in the course of many days, 
but at higher temperatures correspondingly faster, leaving finally a 
strongly acid, thick syrup containing glyceric acid and other oxidation 
products. On slow decomposition without rise of temperature 10 
parts of nitroglycerine finally form about 4.3 parte of a white crystal 
soup containing about 2 parts of oxalic acid, in addition to other acids 
and oxidation products. 

When large quantities of enclosed nitroglycerine become acid such 
a process of decomposition can, by accumulation of slowly developed 
heat, accelerate to a dangerous degree and lead to explosion. 

The complete removal of acid from nitroglycerine down to the 
very last traces is therefore an indispensable requirement for the 
manufacture of useful, commercial material. 

Stability lesls. Various tests serve to determine the fulfillment 
of this condition. The best known and the most used, because the 
most rapid although not the most reliable, is the so-called Abel heat 
test. 

This method, first used by Abel, on Englishman, depends upon the 
exceedingly sensitive reaction of potassium iodide-starch with very 
small traces of nitrous acid- From the time of its preparation 
nitroglycerine contains dissolved nitric and nitrous acids, the last 
traces of which ean only be removed by intensive and persistent wash- 
ing with alkaline liquids at high temperatures. If this purification 
process is insufficient, heating the nitrogryeerine sample to 70 to 80°C. 
soon evolves traces of nitrous acid or the like from decomposition of 
the nitric acid, coloring blue a moistened piece of paper impregnated 
with potassium iodide-starch mixture suspended above it. On long 
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heating even completely purified nitroglycerine gradually splits off 
small traces of nitrous acid at the above temperatures, which become 
evident by the separation of iodine in the extremely sensitive reagent. 
The time up to the appearance of, and the degree of the reaction, 
measure the stability of the nitroglycerine sample. 

To make this test an apparatus like that shown in figure 24 is constructed. 
There is necessary : 

1. A cylindrical or hemispherical water bath of glass or 1 mm. copper sheet, 
filled with water to within 1 cm. of the top. The cover, likewise of sheet 
copper, haB an overhanging rim which keeps it in place. The cover has a 




Fig. 24. Abel Heat Test Apparatus 



number of circular openings 20 mm. in diameter, one of which holds a perfor- 
ated stopper and a Centigrade thermometer which extends about 10 em. into 
the water. The others are provided with springs made of sheet metal to hold 
the teBt tubes with the samples in the desired position. 

2. Test tubes of suitable width, for example 16 to 20 mm., and 14 to 15 cm. 
high, not too thin-walled, so as not to break too easily. The latter are closed 
by rubber stoppers, through which glaas rods extend. At the lower end of these 
glass rods a short piece of approximately 0.5 mm. platinum wire is melted on, 
forming at the bottom a hook to hold the teat paper. 

3. Potassium iodide-Btarc h paper or zinc iodide-starch paper. The latter 
is even more sensitive than the former, and is used in testing nitroglycerine 
intended for the manufacture of smokeless double base powder. According 
to an old English prescription the potassium iodide-starch paper is made as 
follows : 

White starch, 2.7 grams, is washed with water and agitated with 250 cc. of 
distilled water, brought to boiling and boiled gently for ten minutes. The 
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colloidal solution obtained is intimately mixed with a solution of 0.9 gram 
of potassium iodide, freshly recrystallized from alcohol, in 260 ce. of distilled 
water. Strips of white, not too thick filter paper, washed with water, are 
immersed for ten seconds in the above solution, then hung on threads in a 
dark, dust- and acid-free room to drain and dry. The dried paper is cut into 
stripB 30 mm. long and 10 mm. wide, which are preserved in well stoppered 
bottles of dark glass, because the paper is sensitive to light, particularly 
when moist. The sensitiveness of the reagent paper tends to diminish in the 
course of time, so that after a few months the unconsumed supplies should be 

replaced by fresh stock. 

4. Glycerine solution. Moiet test paper is much more sensitive than the 
dry. To moisten it with water would lie useless because the strips would soon 
dry over the warm test bath. For this reason a 40 to 50 per cent glycerine 
solution, made of pure glycerine and distilled water and stored in a flask whose 
perforated stopper ha3 a hair brush or a glass rod constricted at the end, is 
used. With either of these a line iB drawn across the center of the test paper, 
and by absorption this line soon becomes broader. The coloration appears 
at the line between the dry and the moist parts of the paper, showing the 
occurrence of the reaction. 

On account of the exceedingly high sensitiveness of the stability- 
test it must be done in a room absolutely free from acid vapors. For 
this reason explosives and powder plants or their laboratories have 
special rooms in which no other chemical work is done, and which are 
suitably separated from the other rooms. The apparatus is set up 
near a window, in order to be able to clearly observe the reaction, but 
it should never be in direct sunlight because this also gives the reac- 
tion. For example zinc iodide-starch paper is so sensitive that in 
bright sunlight a brown color shows up in one minute. 

The water bath is then heated to 72°C, or when testing nitro- 
glycerine for use in smokeless powder to 82°C, and held at this point 
by an adjustable burner, so that the temperature variations will be 
less than 1°. The nitroglycerine sample is allowed to drop into the 
test tube through a small paper filter until it reaches a mark corre- 
sponding to 3.2 grams or 2 cc. Small variations in this do not affect 
the result. The filtration holds back the last traces of moisture in 
fresh nitroglycerine samples. Dry, clear nitroglycerine is not filtered. 
On the other hand, nitroglycerine turbid with moisture must be 
filtered because the moisture present binders the reaction and renders 
the test false. At first the traces of acid formed or already present 
evaporate with difficulty if the sample contains moisture, and then 
moisture will precipitate on the upper, cooler walls of the glass tube. 
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absorbing subsequently evolved traces of acid, preventing the action 
of the latter upon the test paper. 

Since the test papers must not be touched by the hands, because 
slight impurities such as perspiration can affect them, the papers are 
placed by tweezers on a large, flat cork stopper, a small hole punched 
in one end of the papers by a second pair of tweezers, and then they 
are hung on the bent platinum wire by the hole. The paper is 
then moistened and placed on the test tube so that it is suspended 
in about the middle over the sample. After noting the time, the 
tubes are inserted into the water bath to such a height that the nitro- 
glycerine is at about the same height as the bulb of the thermometer, 
while the paper strips are above the cover of the water bath. 

The test is ended when a light brown line is clearly evident at 
the line between the dry and the moist parts of the test paper. 
Formerly a paper of standard color was often used for comparison. 
This standard paper was prepared by eoating strips of paper similar 
to the test papers with a caramel solution of definite concentration. 
For further details see Guttmann, Industrie der Explosivstojjfe, 
Supplement, Heat Test, page 651. 

It is usually required that sufficiently purified nitroglycerine stand 
the heat test for ten or fifteen minutes without showing a coloration 
of the paper. In England great value is placed on this test, and 
there, as well as in all the Dominions, nitroglycerine and all explo- 
sives containing nitroglycerine are subjected to this test. Also 
German factories shipping via England or to the Dominions, examine 
the nitroglycerine for such export explosives in this way, while in 
domestic (German) manufacture only complete neutrality of the 
nitroglycerine to litmus is required, 39 but the finished explosives must 
fulfill other stability requirements. 40 

On the other hand, nitroglycerine intended for use in smokeless 
powder must not color zinc iodide-starch paper inside of twenty min- 
utes at 82°C. 4J 

The potassium iodide-starch test at 72°C, with thoroughly washed 

" The same is true in the United States. — Translator, 

** In the United States no stability tests are made on the finished explosives 
unless they are exported to a country which requires certain tests. — 
Translator. 

** Only potassium iodide-starch papers are used in the United States. — 
Trams la tor. 
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nitroglycerine, is usually somewhat longer, e.g., thirty to forty 
minutes, so that finally only an extremely weak brown line is visible. 
It is considered suspicious if a clear blue color appears on the paper 
in a short time, becoming stronger on removing and cooling the tube. 

Abnormal phenomena in the Abel test. Several years ago in a large 
domestic (German) nitroglycerine plant and also in the Ardeer plant 
of the Nobel Industries Limited, in Scotland, a peculiar thing ap- 
peared quite suddenly for a certain period, namely, that nitroglycerine 
stabilized in the usual manner did not hold up in the Abel test but 
gave a clear blue color on the potassium iodide-starch paper after 
only a few minutes. Since the same glycerine, nitrated at the same 
time in the laboratory with chemically pure acid gave an absolutely 
normal nitroglycerine, the cause was soon recognized as lying in the 
commercial mixed acids, and in the further course of the investigation 
of the nitrie acid used in the latter, the nitric acid being made from 
sodium nitrate by distillation with sulphuric acid. It was found that 
the first fractions of this nitric acid distillate produced a nitroglycerine 
which colored the test paper in even 3 minutes. 

Finally by great efforts a small quantity of oil was isolated from 
large quantities of this nitric acid by diluting with water and steam 
distillation, which on elementary analysis and by its other properties 
proved to be a mixture consisting mainly of tetranitromethane and 
chlorotrinitrom ethane. The vapors of these substances colored the 
test paper immediately, even if the oil were absolutely free from 
mineral acids. 

The nitric acid contained 0.005 per cent of these organic impurities, 
which passed over into the nitroglycerine and were strongly retained 
by it, and naturally could not be removed by washing with water. 
One gram of this oil, added to 20 kg. of nitroglycerine, reduced the 
heat test from sixteen to five minutes. 

The formation of this mixture of tetranitromethane and chlorotri- 
nitromethane on distillation of nitric acid must be explained by the 
usual small content of chlorides in the sodium nitrate and also an 
impurity consisting of traces of organic substances. In the first- 
mentioned instance of a German plant it could be proved that in the 
manufacture of the nitrie acid some Chile saltpeter had been used 
which had been damaged in transportation. It had become con- 
taminated by pieces of charcoal during a fire on board ship, and after 
they were removed it still contained traces of empyreumatic sub- 
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stances, and tarry bodies, which must be considered as responsible 
for the formation of the tetranitromethane, etc. 

It is known that tetranitromethane is readily formed on heating 
aromatic bodies with concentrated nitric acid or mixed acid, by 
splitting the benzene ring. For example, in the nitration of dinitro- 
tohiene to trinitrotoluene traces of tetranitromethane can always be 
easily recognized by the odor of the erude trinitrotoluene. 

The explanation of the incident is due to the tireless work at the 
Ardeer plant by F. A. Crawford. 42 

Of more importance than the period of first occurrence of a trace 
of decomposition is the more or less slow course of the latter. In 
order to be able to observe this over a long period of time Hess 43 
described an apparatus and method in which a small quantity of 
the nitroglycerine to be tested is subjected for a long time to a definite 
temperature in a porcelain dish in an air bath, and a current of 
thoroughly purified and dried air passed over it and then into a zinc 
iodide-starch solution. The appearance of a violet ring at the point 
where the current of air enters the solution, and the gradual darken- 
ing of the solution give a clear picture of the more or less rapid course 
of decomposition of the sample. Absolutely stable nitroglycerine 
requires about four hours at 70°C. for the reaction to begin, about 
ten hours to complete the blue ring, and thirty hours to color the 
liquid. At 100 °C. the decomposition is many times faster, and the 
above periods then become five, six and ten minutes respectively. 
Dr. Weeren and Dr. Schellbach have simplified the Hess apparatus. 44 
Escales describes at length an apparatus and method in his Nitro- 
glycerin und DynamU (1908), page 152, and while merely referring to 
it here it can be said that the daily testing of nitroglycerine in com- 
mercial operations by this method is too tiresome and time consuming 
and for this reason can hardly be used for regular tests. 

The usual testing of nitroglycerine and the explosives made from it 
by the Abel test, as well as the heat test of the latter according to 
the regulations of the German railroad authorities ensures a sufficient 
stability of the product. In the Abel test care should be taken to 
note that no admixed substances, like traces of mercury, are present 
to mask the test. For further details see the chapter on Dynamite, 
Stability Tests. 

"J.S.C. I., 41, 331, 324; Z. Schiess- u. Sprengstofw. (1922), p. 158. 
* Mia. Art.- u. Geniewesen (1879), p. 349. 
** Art.- u. Geniewesen (1884), p. 202. 
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Stability on heating according to railroad regulations. The German 
Railroad regulations require for transportation of materials contain- 
ing nitroglycerine, that the latter, subjected in whole cartridges 
continuously to a temperature of 75°C. for forty-eight hours, or in 
10 gram samples in a closed weighing glass heated to the same tem- 
perature for the same time, shall not emit any acid vapors. 

This test in a loosely covered weighing glass is also suited to deter- 
mine the stability of nitroglycerine and all other nitric esters. Under 
these conditions absolutely stable nitroglycerine shows no visible 
decomposition products in forty-eight hours, such as yellow vapors, 
even though the vapors evolved color litmus paper red after the 
lapse of some hours. For a long time only traces of acid arc given 
off, then the decomposition proceeds gradually, with development of 
yellow vapors of N 2 0<, until finally, without any violent decomposition, 
there is complete decomposition and evolution of almost all the 
nitric acid in the form of nitric oxides, leaving behind an acid syrup 
composed of the products of the oxidation. 

Decomposition of nitroglycerine at higher temperatures. A clear 
picture of the influence of the accumulation of nitric acid radicals in 
the molecule upon the chemical stability of the ester at higher tem- 
peratures is given by the comparative course of decomposition of 
three related nitric esters, according to tests made by the author 
(see table 4). 

Nitroglycerine left behind 26.5 per cent of a thick, acid liquid, 
nitroglycol 29 per cent of a residue smelling strongly of acid and 
crystallizing on cooling, trimethylene glycol dinitrate remained 
unchanged for twenty-five days at 75°C, suffering only evaporation 
losses, and is therefore the most stable of the three esters, apparently 
because its molecule is less loaded up with nitric acid radicals than 
in the case of the nitroglycerine and nitroglycol molecules. The 
latter, in turn, is more stable than nitroglycerine, perhaps because 
its greater volatility removes the decomposition products so that 
they cannot act eatalytically upon the decomposition reaction to 
as great an extent as with nitroglycerine. 

The residues from both decompositions were easily soluble in water 
and reduced amrnoniaeal silver solutions. That from iiitroglycerine 
contained traees of HN0 3 and no oxalic acid, while that from nitro- 
glycol was completely free from HN0 3 and contained 25 per cent of 
oxalic acid. 
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Nitroglycerine can withstand even higher temperatures without a more 
profound decomposition for a rather long period, provided that the first traces 
of the products of decomposition are allowed to escape freely. The author 
heated 20 grams of nitroglycerine in an open weighing glass for six days without 
interruption at 100 e C. After this period 60 per cent of it had evaporated. 
The residue had a slightly acid reaction but the unchanged nitrogen content 
of 18.40 per cent showed that it was still pure nitroglycerine. 

Robertson 45 studied the decomposition of nitroglycerine at tem- 
peratures of 90 to 135°C, with elimination of the catalytic action of 



TABLE 4 

Comparative course of decomposition of three related nitric esters 



U>m OF WEIGHT 


HITBO- 
OLTCKRINB* 


NITfiOQ LTCOIt* 


TSOIBTHTUNl 

GXiTCOI* 
DINrTBATH* 




per cent 


per cent 


per cent 




0.1 




0.7 


After 12 days 


28. Of 


4.21 


I.8§ 




54. 0t 


35. Of 


2.7§ 


After 25 days 


73. 


11 M 


5.3§ 



* Ten grams each, he»*~ l *o 75°C. in a loosely-covered dish. 

t Decomposing. 

t Decomposed. 

§Not acid, 

lAcid- 

Note: Nitroglycerine after three or four days had a strongly acid odor; 
after six days colorless vapors of HNO» were evolved on opening the glass and 
blowing over it j after ten days it emitted red vapors and was undergoing com- 
plete decomposition, while the nitroglycol was acid and giving off light-colored 
vapors. 

the products of decomposition by drawing the latter off via a current 
of very pure carbon dioxide, and determined the decomposition prod- 
ucts by a spectrograph and by reduction to nitrogen of the nitric 
oxide. He found that under these conditions the decomposition 
proceeded regularly and uniformly, as in an absolutely stable nitro- 
Cfcflulose, if the products of decomposition were constantly removed, 
™t more rapidly than with nitrocellulose. All nitrogen was split 



** Z- 8chi*g- u. Sprengstojfw. (1909), p. 301; Chem. News, 99, p. 289 (1909) 
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off as nitrogen dioxide. The decomposition is a function of the 
temperature, and from 95 to 125°C. it doubles for each 5°C. 

Snelling and Storm 46 made extensive tests on the properties of 
nitroglycerine and its decomposition at even higher temperatures, 
showing that the course of the decomposition is strongly exothermic, 
and that nitroglycerine at the instant of final decomposition or 
detonation has an appreciably higher temperature than that of the 
heating bath. Several cubic centimeters of nitroglycerine were 
heated in a paraffin bath, and the temperature of both bath and 
sample followed by a thermometer or thermocouple. From 135°C. 
on the decomposition was clearly visible. The nitroglycerine became 
red from absorbtion of the products of decomposition. At 145°C. 
the decomposition and gas evolution became so rapid that the 
liquid apparently boiled. At 1(k>°C. it boiled violently, and a dis- 
tillate of dilute nitric acid and glycerine nitrates passed over, while 
the residue in this case consisted of glycerine and some mono- and 
dinitrates and other products of decomposition. At 180 to 185°C. 
the nitroglycerine became viscous, and at 215 to 218°C. there was a 
violent detonation. 

PHYSIOLOGICAL PROPERTIES 

Nitroglycerine is one of the organic poisons. Its action upon the 
human organism becomes evident in many individuals with even the 
smallest doses, and in such a case consists in migraine headaches 
enduring for hours, combined with a feeling of pressure in the front 
and back parts of the head. The severity of the effect varies. Those 
of a nervous temperament get a headache on merely entering rooms 
where nitroglycerine is being used and breathing the vapors, but if 
their stay there is for only a short time it rapidly disppears on getting 
out into the fresh air. The effect is much more severe if a small 
quantity only of nitroglycerine is absorbed by the unprotected skin 
and so gets into the blood current, as can occur very easily. The 
mucous membranes are most sensitive to this. 

Alcohol raises the susceptibility to nitroglycerine. It also hinders 
acquiring an immunity to nitroglycerine, which with most persons 
occurs more or less rapidly when they are constantly exposed, and is 
of great importance for the work in most explosive plants. After one 
or more days most workmen become immune to the effects of nitro- 

"Z. Schiess- u. Sprengstoffw. (1913), p. 1. 
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glycerine when breathed or absorbed by the skin, and no longer 
suffer from headaches. A cessation of exposure to nitroglycerine, 
even if for only a few days, makes a new immunization necessary. 
Only a few persons never become accustomed to nitroglycerine and 
have to give up the work. Those who arc immune can be seen to 
mix nitroglycerine by hand with kieselguhr or nitrocotton, or rub 
guhr dynamite by hand through a screen, or smear their lower arms 
up to the elbow with the thin nitroglycerine-gelatine, which is then 
scraped off by the fingers. In general nothing is known regarding 
any harmful effect on the health, or any chronic effect of nitroglyc- 
erine upon such workmen in the dynamite plants 47 

Preventatives of the violent headaches which small quantities of 
nitroglycerine cause are those medicines which are of general use in 
cases of headaches, such as antipyrinc, phenacetin, migraine pyra- 
midon and aspirin. Black coffee is often recommended, but usually 
does not help. A walk in the fresh air brings relief if the effect is not 
too severe. 

The workmen change their clothes before and after work, and also 

clean their faces, hands and finger nails well before eating, since 

penetration of nitroglycerine into the digestive canal is dangerous, 

more so than if it is only in contact with the skin. 

If taken internally in considerable quantities nitroglycerine is a 
violent poison. 

Schuchard 4S describes the symptoms on himself as follows: A 
drop swallowed caused headache, vertigo and dullness. More violent 
effeets caused by larger quantities accidentally put into the throat 
were loss of consciousness changing to cold chills. 

In recent times Weinberg 49 has published an extensive study of the 
physiological effects of nitroglycerine, considering as well the thera- 
peutic use in the form of tablets containing 1 mg. of nitroglycerine, 
or a 1 per cent solution in alcohol called glonoin, largely used in 
England but less so in Germany, as regards the toxic effects, and 



*7 



See Hudson, Med. Record, January 20, 1917; and Ebright, /. A. M. A., 
January 17, 1914.— Trauslatob. 

**Z.f. prakt. Heilkunde u. M edizinalwesen (1866), H. 1; Dingier, vol. 180, 
P- «6 (1866). See also Bokorny, Z. angew. Chem. (1897), p. 337; and Law, 
Trans. Med. Soc (1889). 

** EKsb. Gottingen (1910), and Z. Schiess- u. Sprengstof w. Q911), p. 427. 
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giving abundant literature references. The different degrees of 
resistance of different individuals swallowing small quantities which 
he describes is very remarkable. Furthermore, the recorded fatal 
eases, usually caused by the accidental swallowing of large quantities, 
are set forth both as regards symptoms and course. According to 
Weinberg the greater part of the symptoms can be explained as nitrite 
effects, caused perhaps by the facts already proven by Schdnbein, that 
all albuminates reduce nitrates to nitrites, a property ascribed to the 
living animal tissues and muscles. The symptoms in such severe 
cases consist mainly in violent cholic, vomiting, with final cyanosis 
and paralysis. Effective antidotes are not known, aside from 
immediate and thorough washing out of the stomach and intestines. 



CHAPTER XIII 



n i trog l ycer ine as an explosive 
ease of detonation; sensitiveness; energy content; brisance 

Nitroglycerine, due to its peculiar chemical constitution, which 
renders possible decomposition into gaseous products with great 
development of heat, with an oxygen content more than sufficient for 
complete combustion of the carbon and hydrogen to carbon dioxide 
and water, is counted among the strongest of all known explosives. 

The explosive decomposition of the molecule is as follows: 

4(C*H fi N,O t ) = 12CO s + 10H 2 O + GNT 3 -f-0 2 

and can be started by heat, mechanical action such as a blow, shock 
or friction, and initial detonation. 

detonation 

1. By heal. Nitroglycerine cannot be exploded by mere contact 
with a flame because it is not particularly easy to ignite. A burning 
match immersed in it quickly goes out. A glowing platinum wire 
cools off, with some volatilization of the nitroglycerine. Contact 
with a burning splinter, also sparks from a burning black powder 
fuse, cause ignition. Small quantities, when once ignited, burn 
slowly with a slight crackling and a pale green flame. It is easily 
extinguished before it has all been consumed. On the other hand, if 
there is the possibility of any local overheating by radiation or con- 
duction, as in burning in iron vessels, detonation can readily occur, 
also if large amounts catch fire, or if the rapid, exothermic reaction 
is induced by heat. By slow, careful heating small quantities can 
be evaporated without explosion, but never without decomposition. 
On the other hand, if small quantities are heated rapidly explosion 
always occurs at about 200°C. Nobel 1 gives the temperature of 
detonation on rapid heating as 180°C. According to the method 
generally used today, i.e., rapid heating of a small drop in a tube in a 

1 Nobel: Dingler's (1865), vol. 177, p. 167, and (1866), vol. 180, p. 243. 
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metal bath with a temperature rise of 20° per minute, the temperature 
of explosion is found to be 200 to 20Ti°C. According to Snelling and 
Storm, 2 with larger quantities, such as several grams, the temperature 
of the nitroglycerine itself at the instant of explosion was 215 to 222°C. 
with the above bath temperature, because the rapid exothermic 
decomposition caused a spontaneous heating above the temperature 
of the bath at temperatures above 180°C. On allowing a drop of 
nitroglycerine to fall on an iron plate heated to successively higher 
temperatures the violence of the detonation decreases at the higher 
temperatures on account of the occurrence of a film of vapor between 
the source of the heat and the heated body, and at a red heat there is 
only a slight deflagration or rapid combustion and formation of the 
spheroidal condition. 3 However, these statements are only true of 
small quantities. On heating larger quantities to 180°C. and above 
there is always an explosion. 

$. Detonation by mechanical effects. Nitroglycerine is very sen- 
sitive to shock and blows. Its sensitiveness is not far different from 
that of percussion cap compositions. It is therefore designated as 
unsafe for transportation both in a pure condition and in solution, by 

the police regulations of September 14, 1905, and is excluded from 
trade. 

It detonates readily by shock of iron on iron, or iron on hard rock, 
also porcelain on porcelain. When using softer metals like copper, 
brass or bronze the scntitiveness is much less, so that these latter are 
used as materials of construction for equipment and machines in 
which nitroglycerine is used. The shock of wood on wood is still 
less effective. 

A drop of nitroglycerine on an anvil detonates when struck rather 
lightly by a hammer, especially if the oil is absorbed in filter paper. 
Usually the whole quantity does not explode, but only that portion 
directly under the hammer. However, the column of liquid explodes 
completely if the support on which it rests is rather small, 4 such as 
a steel rod, or if a strip of tin foil is placed over it, so that in such a 
case the propagation of the wave of detonation seems to be favored. 

* Z. Schiess-u. Sprengslotfw. (1913), p. 1. 

1 Guttmann, Industrie der Exptosivstojfe, p. 442; Champion, C. E., 73, 42 
(1871); Kast, Spreng- und Zundstojfe (1921), p. 164 and the literature given 
there; Eecales, Nitroglycerin und Dynamit, pp. 160-161. 

* Guttmann, Industrie der Explosivstoffe, p. 441. 



NITROGLYCERINE AS AN EXPLOSIVE 141 

Various methods have come into use in the testing of the sensi- 
tiveness of explosives to shock and blows. 5 That most widely used 
is the so-called falling weight test, which is best suited to compare 
the relative sensitiveness of different explosives, and for testing for 
permissibiUty under the regulations of the German railroad 
requirements. 

Hie height of fall just necessary to cause detonation, and the size 
of the falling weight can be expressed as the work in kilogram-meters 
required to cause explosion. The quantity of the explosive and the 
construction of the apparatus are not without influence, and the 
exact comparison of different explosives is allowable only when using 
the same apparatus in the same manner. 6 Different authors give 
very different values for the work required to detonate nitroglycerine, 
but in any case it is small, varying from 0.01 to 0.08 kg. according 
to recent data. According to Will, detonation occurs under a falling 
weight of 2 kg. at a height of 4 cm. According to Brunswig an 
explosion takes place under a 250 gram weight falling only 5 cm., and 
at 5 to 10 cm. with a 100 gram weight. 

Heated nitroglycerine explodes more readily by shock. 

Frozen nitroglycerine requires a stronger shock to detonate it than 
does the liquid, according to concordant data and as is to be expected 
theoretically. Even Nobel drew attention to this point, 7 and 
Mowbray 8 based his method of transporting nitroglycerine in a 
frozen state, used in America for a long time without accidents it is 
claimed, upon this fact. Beckerhinn' found that three times as 
strong a blow was required to detonate frozen nitroglycerine as 
compared to the liquid state. Hess 10 and Will 11 came to the same 
conclusions. The latter required a 10 em. drop with a weight of 1 
kg. to detonate liquid nitroglycerine at 15°C, and a 40 cm. drop 
for the frozen at - 20°C. Cronquist 12 found a half-thawed mixture 

* Eecalca, Nitroglycerin und Dynamil, p. 157; Will: Z. Sckiess- u. Spreng- 
*lof w . (1906), p. 210. 

* See the work of Lenze and Mettagang on the use of the falling weight 
method, Z. Schiess- u. Sprengstojfw. (1906), pp. 287, 293. 

7 Wagner's Jahresbericht (1869), p. 260. 

8 *>ingUr (1869), p. 172. 

' Wagner's Jahresbericht (1876), p. 486. 

" Mitt. Art.- und Geniewesen (1876), p. 213. 

11 2. Berg.-, Hutten-, Sal-, Wes. (1905), p. 26. 

a Oesterr. Berg.- u. HuUenmdnn. Z. (1894), p. 221. 
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of liquid and solid nitroglycerine more sensitive than the liquid or 
the solid alone, and explained this by the friction of the very hard 
nitroglycerine crystals against each other. 

A shot from a rifle explodes nitroglycerine, even from a distance of 
150 meters. 

Explosion can occur even from the rubbing in an unglazed porce- 
lain mortar, as generally when rubbed between hard and rough 
surfaces. 

S. Detonation by initiating action. The most reliable and the only 
method used in practice to detonate nitroglycerine and nitroglycerine 
explosives is the so-called initial detonation, i.e., the propagation of 
detonation from a blasting cap inserted into the nitroglycerine or 
the explosive to the latter. For a long time only mercury fulminate 
was known and used as the initiating explosive for filling blasting 
caps. Abel assumed as the cause of the detonation of large quantities 
of an explosive by a relatively small quantity of mercury fulminate a 
synchronism of the wave of explosion of the latter with the initiated 
explosive. This theory had to give way to that of Bcrthelot, who 
considered initiation as a mechanical percussion effect, especially 
after Wohlcr discovered a series of other explosives which were also 
initiating agents and proved the relation existing between initiating 
effect and percussive effect." 

Sensitiveness to detonation 

Although liquid nitroglycerine has a high sensitiveness to mechani- 
cal influences and can be readily exploded by blows and friction, it 
requires a relatively high initial impulse to cause propagation of the 
explosion and complete development of the energy it contains. As 
regards its sensitiveness to an initial impulse it does not assume first 
place among the related nitric esters of similar energy content. The 
ease of detonation without strong confinement by a weak impulse 
and with the maximum development of energy is the characteristic of 
high sensitiveness of any explosive to initiating impulse. If such a 
comparison of the three related and similar (as regards energy con- 
tent) nitric esters nitroglycerine, nitroglycol and methyl nitrate is 
made, great differences are found. While with the weakest cap in 



l! Wohler and Matter, Beitrag zur Wirkung der Initialzundung, Z. Schiess- 
u, Sprengstoffw . (1907), p. 181. 
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use, a No. 1 containing 0.3 grams of fulminated-chloratc mixture/ 4 
only 32 per cent of the energy of nitroglycerine capable of being 
released by the strongest commercial cap, a No. 8 containing 2 grams 
of the same mixture, is developed in the Trauzl block, this figure 
becomes 71 per cent with nitroglycol, and 84 per cent with methyl 
nitrate. The following summary of results obtained by the author 
makes it clear that in the case of nitroglycerine a comparatively 
higher initial impulse is required to develop the highest strength, 
provided the effect of pressure is not increased by a strong 
confinement. 



TABLE t 

Results of placing 10 grams of each of the liquid esters in the cavity in the lead 

block, tamping with water, and firing 



CAJP UfiED 



No. 1 cap 
No. 3 cap 
No, 6 csp 
No. 8 cap 



NET EXPANSION IK CUBIC CKNTIMRT1IR8 WITH 



Nitroglycerine 



190 cc. or 32 

per cent 
225 cc. or 38 

per cent 
460 cc. or 73 

per cent 
590 cc- or 100 

per cent 



Nitroglycol 



4G5 cc. or 71 
per cent 



650 cc. or 1( 
per cent 



Methyl nitrate 

520 ce. or 8i 
per cent 



620 cc- or li 
per cent 



The effect of the different cape themselves upon the lead block was not taken 
into consideration, because such differences were of no importance as com- 
pared to the great difference in expansion caused by the nitroglycerine. 



Approximately equal amounts of energy were obtained with No- 8 
caps from nitroglycerine and methyl nitrate, with methyl nitrate 
the No. 1 caps developed most of the possible energy, but hardly one- 
third in the case of nitroglycerine. The latter is therefore far less 
sensitive to detonation than the former. Nitroglycol approaches 
methyl nitrate in this respect. 

These relations arc apparently in accord with the viscosity of the 
liquids and the general observation that the explosive wave propa^ 

14 In the United States no blasting caps smaller than No. 6 are manuf ac- 
tured and there is a strong tendency toward increasingly large use of the No. 8 
rise.— Translator. 
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gates with difficulty through rather immobile liquids. The very fluid 
esters nitroglycol and methyl nitrate detonate easier, although on the 
other hand, in interesting contrast to this relation, they are far less 
sensitive than nitroglycerine under the falling weight test. 

If nitroglycerine be enclosed in a glass tube by a cork stopper, and 
placed in the lead block with sand tamping there is obtained: 

With a No. 1 Cap 450 cc. net or 85 per cent 

With a No. 8 Cap. 520 cc. net or 100 per cent 

The low velocity of detonation usually found, 1500 to 2000 meters 
per second, for nitroglycerine is also conditioned upon this relatively 
low sensitiveness. 

That this behavior is only true of the liquid state is evident from 
the corresponding figures from guhr dynamite; 

M. 

With a No. 1 Cap 285 

With a No. 8 Cap 305 

Therefore, when converted into a finely divided form nitroglycerine 
shows a high degree of increased sensitiveness. In this case the 
difference is only due to the cap. If 25 cc. is subtracted for a No. 
8 cap, and 5 cc. for a No. 1 cap, 280 cc. is obtained in both cases, or 
with the No. 1 cap 100 per cent of the effect obtained with the No. 8 
cap. 

Propagation of detonation; velocity of detonation 

Theoretically we understand by velocity of detonation that period 
of time in which the detonation of a unit of weight of the explosive is 
completed. In practice only the period of time can be measured 
which the wave of detonation requires to travel from one point on 
the material to another chosen point. Therefore in a practical sense 
the velocity of detonation is equal to the velocity of propagation of 
detonation. 

The relatively low velocity of detonation which most investigators 
have determined by various methods is a peculiarity of liquid nitro- 
glycerine. It is lower than that of most of the solid brisant explo- 
sives, and is confined to the liquid state. In the form of solid but 
appreciably less powerful explosives, such as guhr dynamite or gela- 
tine dynamite, of which it is the main component, it shows a far 
higher velocity of detonation. 
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This velocity has been determined in lead, tin or iron pipes and 
found to be 1 100 to 2000 meters per second, according to the internal 
diameter of the pipe. 

Berthelot and Vieille 1 * found only 1100 meters per second in narrow 
lead or tin tubes 3 to 6 mm. internal diameter. Abel 16 found 1525 
m/s in a thin-walled lead pipe 30 mm. diameter. Mettegang 17 found 
2050 m/s in an iron pipe 30 mm. diameter. 

In contrast to this, guhr dynamite in tubes 30 mm. diameter gives 
a velocity of detonation of 6000 meters per second, and gelatine 

dynamite 6500 meters. 

However, under special conditions liquid nitroglycerine may also 
detonate with an extraordinarily high velocity, as recent results by 
Arthur Comey and Fletcher Holmes have shown. 18 According to the 
method of Bichel and Mettegang in pipes 25 and 37.5 mm. diameter 
and with caps containing a 1.5 gram charge, they found irregular 
values ranging from the magnitude of the previous investigations, 
1300 to 1500 m/s., up to 8000 to 8500 m/s. 

By using a particularly efficient detonator, concerning the nature 
of which nothing is said, they then obtained regularly velocities 
between 6700 and 7500 m/s. 

The authors, who found correspondingly great deviations in the 
crusher test, give no completely satisfactory explanation of the cause 
of these values, obtained by apparently similar methods of testing. 
Stettbacher 19 mentions the possibility of the various velocities being 
due to the two isomers of nitroglycerine. This is apparently con- 
tradictory to the fact that Comey and Holmes presumably used the 
same material in a series of their tests. Apparently it may be that 
small differences in external physical influences, such as differences 
in the resistance of the iron pipes to rupture can be the cause of the 
low or high velocities. 

Especially strong initial impulses, wide diameter and particularly 
good confinement may, according to general rules, favor the attain- 
ment of high velocities with nitroglycerine which usually detonates 



u Mem, Poudre Salp., IV. 7 (1891). 

11 PhU. Transactions, Vol. 156, p. 269; vol. 157, p. 181. 

" Internal. Kongreesber. (1903), II, p. 322. 

11 Z. Scki&ss- u- Sprengstoffw. (1913), p. 306. 

"Stettbacher: Sckieas- und Sprengstojfe, (1919), p. 125. 
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at a low velocity. According to Herlin, 28 frozen dynamite detonates 
without exception at the high velocity. 

A similar behavior is shown by blasting gelatine containing 92 to 
93 per cent nitroglycerine and 7 to 8 per cent collodion nitrocotton. 
It also has a low velocity of 1600 to 2000 m/s, and a high velocity of 
about 8000 m/s. 

Here, however, a different physical condition of the material comes 
into consideration in that blasting gelatine containing air bubbles 
always assumes the high velocity, and transparent blasting gelatine 
almost always the low velocity of detonation. 

Nitric esters of low viscosity and of similar energy content, such as 
methyl nitrate and nitroglycol, show higher velocities of detonation. 
The higher viscosity of a detonating liquid seems to hinder the prop- 
agation of detonation. 



The products of explosion 

Nitroglycerine contains somewhat more oxygen than is required 
to burn all the carbon and hydrogen on explosive decomposition of 
the molecule. On explosive decomposition according to the 
equation ; 21 



4{C g HiN*0,) - 12CO s + 10 H,0 + 6N, + 0« 

1 molecule or 227 grams of nitroglycerine gives 132 grams COa, 45 
grams H a O, 42 grams N 2 and 8 grams of Oj, gaseous and vapor 
products. Therefore 1 kg. gives : 

prsuM percent* 

CO a 581.5 58.15 

HjO 198.2 19.82 

tf*- 185.0 18.50 

O* 35.3 3.53 

1000.0 100.00 

*By weight 



" Stottbacher: Sckiese- und Sprengstoffe (1919), p. 125. 

SI Kast, Spreng- und Zundslofe (1921), p. 54 gives the following formula 
for the detonation of nitroglycerine: 32C 3 H 6 {ONO,)i = 96COj + 8OH1O + 
6NO + 45N* -f 50 2 , wherein the formation of NO to a Blight extent as an endo- 
thermic Bide reaction is assumed. 
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From the volume of the gases of explosion and the weight per liter 
we have: 

liter* 

CO* 295.9 

H*0 (vapor) 245.8 

N s 147.5 

O, 24.7 

that is, 713.9 liters of gas at 0° and 760 mm. pressure per 1 kg. of 
nitroglycerine. The composition of the gases of explosion in volume- 
per cent is therefore : 

per n-.nl 

CO* 41.4 

HjO 34.6 

N s 20.6 

O, 3.4 



The volume of the gases can also be very simply calculated by Avo- 
gadro's Law, according to which the molecules of all gases at equal 
temperatures and pressures occupy the same volume, so that the 
volume is calculated from the number of molecules contained. The 
molecular weight expressed in grams, of any gas at 0° and 760 mm. 
occupies a volume of 22.41 liters. Now since from 4 molecules of 
nitroglycerine (4 gram-molecules = 4 X 227 grams = 908 grams), 
according to the above equation 29 gaseous molecules are formed, 
it can be calculated that from 1 kg. of nitroglycerine the gas volume 
will be 29 X 22.41/0.908 = 715.7 liters at 0° and 760 mm. The 
deviation from the 713.9 liters above, obtained from the actual 
weights of a liter of the gases, is explained by the deviations from the 
gas law. 

After condensation of the water 19 molecules of permanent gas 
remain, or 19 X 22.41/0.908 = 469 liters. 

Almost the same figure is obtained by deducting 245.8 liters of 
water vapor from the above figure, or 713.9 - 245.8 = about 468 
liters, consisting of 63.2 per cent CO s , 31.5 per cent K 2 and 5.3 per 
cent O s by volume. Sarrau and Vieille by the calorimctric bomb 
obtained 465 liters of permanent gas, reduced to 0° and 760 mm., 
°r a figure conung very close to the calculated value. 

A valuable property of nitroglycerine and guhr dynamite for 
underground use is that on proper detonation the products of explo- 
sion (fumes) arc free from poisonous constituents, such as carbon 
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monoxide and nitrous gases. However, such gases occur when 
the nitroglycerine burns instead of detonating, in a so-called blown- 
out shot, as can occur with insufficient initiation from faulty caps. 
According to Sarrau and Vieille, burning nitroglycerine evolves 
gases of the following composition : 35.9 per cent CO, 12.8 per cent 
COi, 48.2 per cent NO, 1.3 per cent N 2 , 0.2 per cent CH 3 and 1.6 per 
cent Hj. 



Heat of explosion; temperature of explosion; pressure of explosion 



The quantity of heat set free on explosion, which is the basis of 
the gas pressure and the work performed, is calculated from the sum 
of the heats of formation of the products of explosion, minus the 
heats of formation of the raw materials from the elements. The 
data in the literature vary somewhat with the constants used in the 
calculation. 

The calculation based upon the heat of formation of carbon dioxide 
and water gives first the calories for constant pressure. However, 
this does not hold true in the case of explosives, because at the 
instant of explosion the volume of the products of explosion corre- 
sponds approximately to the volume of the explosive. The quantity 
of heat set free at constant volume is greater than that on decomposi- 
tion in the free air and at constant pressure because the gases on 
dissipation into the air perform work, i.e., consume heat. Thus at 
constant volume there has been calculated for 1 kg. of nitroglycerine: 



Calories 

According to Escales" 1470 

According to Berth clot 22 1478 

According to Kast" . 1455 

These values are for water in the vapor state. 

By inserting the somewhat higher heat of formation for liquid 
water there has been calculated for 1 kg. of nitroglycerine: 

Calories 

According to Escales 22 1589 

Ac-cording to Brunswig" 1580 



49 Nitroglycerin und Dynamit, p. 169 
* 3 Spreng- und Ziindstoffe, p. 70. 
31 Explmivstoffe (1909), p. 6. 
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In the experimental determination in the explosion bomb the value 
for condensed water is determined. Sarrau and Vieille found 1600 
Calories, or a value very close to the calculated. 

Brunswig gives 415 Calories per kilogram as the heat of formation 
of nitroglycerine, and Kast gives 416 Calories. Escales gives 435.7 
Calories. 

The heat of explosion of nitroglycerine is calculated from the 
thermochemical data now generally assumed as follows: 

I. Heat of formation: 



Calories per 
molecule 

Of glycerine _ 161.7 

Of water , gg 3 

Of nitric acid 45 g 



161.7 -f 3 X 45.8 - 3 X 68.3 = 94.2 Calories per molecule, or 415 

Calories per kilogram 

LT. Heat of explosion : 

Calories per 
molecule 

Heat of formation of C0 2 94 3 

Heat of formation of H 5 0 (liquid) 68.3 

Heat of formation of H a O (vapor) 58.3 

4CH,N a O B = 12C0 2 -f 10H 2 O + 6N, + O a 

Qp = 94.3 X 22 -f- 68.3 X 10 - 94.2 X 4 = 1437.8 or 359.45 Calories 

per molecule 

For the calculation at constant volume, or the work done by the 
explosion gases in displacing the air, with the consequent loss of heat, 
the following equation holds true : 

Qv = Qp + 0.57*, 

where n is the number of gaseous molecules (19 for 4 molecules of 
nitroglycerine). Therefore: 

Qv = 359.45 + 0.57 X 4.75 = 362.16 Calories per molecule or 1595 Calories 

per kilogram with water liquid. 

(This value is to be compared with that determined experimentally, 
since in the measurement of the calories in the explosion bomb the 
water is in the liquid condition). By inserting the heat of formation 
of water vapor we have : 

337. 16 Calories per molecule, or 1485 Calories per kilogram 
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The explosion temperature, or the quotient of the heat of explosion 
and the average specific heat of the products of explosion, cannot be 
determined experimentally, and only approximated by calculation. 
Brunswig gives this as 3470°C. for nitroglycerine. Recently Kast 25 
has calculated the far higher value of 42fiO°C. Hcise* gives 3158°, 
Gody 3153°, Auzenat 3469°, Wuich 27 3005°, and the French Fire- 
damp Commission 3200 a C. As a matter of fact, the highest tempera- 
tures attained on explosion are naturally lower than those given by 
the thermochemical calculation, because the ideal case assumes 
an exothermic reaction proceeding without loss of heat. 

Explosion pressure 

The maximum pressure which the gaseous products resulting from 
an explosive decomposition of an explosive exert on the surroundings 
can be calculated or measured. For calculation there is required a 
knowledge of the temperature of the explosion and the explosion 
volume, i.e., that volume which the gases of explosion would occupy 
at the temperature of the explosion, assuming the pressure remained 
constant. From the relation of the explosion volume to the volume 
of the original substance there is determined the gas pressure at the 
instant of explosion. The gas pressure is characteristic for each 
explosive. 

Berthelot designates as "Specific Pressure" (/) that pressure 
exerted by a unit weight (1 kg.) of the explosive on explosion in a 
unit volume (1 liter or at a "Loading Density" of 1 at the explosion 
temperature (t). Since according to the Mario ttc Law the volume is 
inversely proportional to the pressure, we have: 

where p 0 is the atmospheric pressure (1.033 kg. per square centi- 
meter), v t k the volume at the temperature of explosion and 760 mm., 
and IU the volume at 0° and 760 mm., or 

/ = 1.033 X v* 

if 1 is assumed as a unit volume for v. 

" Sprang- und Znndstoffe, p. 71. 

,B EsealeB, Nitroglycerin und tfynamit, p. 170. 

-"Milt. Art.- und Genientsen (1891), p. 67. 
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Since according to the Gay-Lussac Law 

rit = v B (273 -f t) : 273, 

we have 

/ = 1.033 X p*(273 + () : 273 

If in this equation is placed the 715.7 liters of explosion gases 
for nitroglycerine at 0° and 760 mm. and the explosion tempera- 
ture according to Heise.at 3158°, the specific pressure is found to be 
9292 kg. 

Co-volume. By co-volume is understood that space which the gas 
molecules themselves occupy, and which can no longer be diminished 

by any degree of compression. It amounts to about r~r of the 

IaJUU 

volume occupied by the quantity of gas under consideration at 0° and 
760 mm. The gases of explosion do not therefore have at their 
disposal the whole space in which the explosive is placed, but only a 
space diminished by the co-volume. The effect of the co-volume is 
to raise the gas pressure. 

Density of loading. The actual maximum gas pressure is dependent 
upon the density of loading, A, or the quotient of the weight of the 
charge in grams and the explosion space in cc. 

p = /X A 

Measurement of the gas pressure. Direct measurement of the gas 
pressure is accomplished by the crusher gauge, the Nobel crusher 
gauge or the Bichel pressure gauge (German Patent 109187). 

Energy content; work performed. Various ways have been proposed 
to express the relative value of the mechanical work performed (en- 
ergy content) of an explosive. Berthelot 28 calls the product of the 
specific gas volume and heat of explosion the "characteristic product." 

Moreover, the theoretical work performed by an explosive has 
often been expressed by multiplying the heat of explosion by 425, the 
mechanical equivalent of heat, and thus giving it in meter-kilograms. 

Both expressions take no consideration of the velocity of detona- 
tion, a very important factor in the kind of explosive aetion, and one 

18 Ann. chim. phys., 23, 223 (1871) ; and Berthelot, Sur la force de la poudre 
# de* matieres explosives, Pariij, 1871. 



TABLE 5 

Comparison of other explosives with nitroglycerine 



Blasting gelatine, 93 per 
cent nitroglycerine 
+ 7 per cent nitrocotton 

Nitroglycerine. 

Nitroraannite 

75 per cent guhr dynamite . 

40 per cent nitroglycerine 
dynamite 

Nitrocotton, 13 per cent N 

Gun cotton 

Collodion nitrocotton, 12 
per cent N 

Ammonium nitrate 

dynamite, 90 per cent 
NE+NOi + 10 per cent 
nitronaphthalene 

Picric acid 

Black powder. 

Ammonium nitrate 

Mercury fulminate 

EXPLOSIVE 



specific 

VOLUME 



liUT* 



710 
712 

723 
628 

840 
859 
830 

974 



925 
877 
285 
937 
314 



TUKE 



c. 



3,540 
3,470 
3,430 
3,160 

2,900 
2,710 
2,400 

1,940 



2,120 
2,430 
2,770 
2,120 
3,530 



calories 



1,640 
1,580 
1,520 
1,290 

1,290 
1,100 



OH. 



730 



930 
810 
885 
630 
410 



IBfIC FBODTH3T 



1,164,000 
1,125,000 
1,099,000 
810,000 

1,084,000 
945,000 
747,000 

711,000 



860, 
710, 
195, 
590, 
129, 



in 



97 
95 
70 

93 
81 
64 

61 



74 
61 
17 
50 
11 



Blasting gelatine, 93 per 
cent nitroglycerine 
+ 7 per cent nitro- 
cotton . 

Nitroglycerine 

Nitromannite 

75 per cent guhr dynamite 

40 per cent nitroglycerine 
dynamite 

Nitrocotton, 13 per cent N 

Smokeless powder 

Collodion nitrocotton, 12 
per cent N 

Ammonium nitrate 

dynamite. . 

Picric acid , 

Black powder 

Ammonium nitrate 

Mercury fulminate 



calorie* 



1,640 
1,580 
1,520 
1,290 

1,290 
1,100 
900 

730 

930 
810 

685 
630 
410 



meter-kg. 



700,000 
670, 
645,' 
550,000 



III 



♦ i.i 



550,1 
465,000 
380,000 



310,1 



385,000 
345,000 
290,000 
265,000 
175,000 



HRUtriYB VAXUK* 



100 
96 
92 

79 
79 



54 

44 

58 
49 
41 

38 
25 



* Blasting gelatine = 100. 
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which is very considerably affected by the physical condition of the 
explosive, its aggregate state, its density, its crystal form, its granu- 
lation, as well as by external conditions of detonation such as the 
initiating impulse, confinement and tamping. 

Hie values of other explosives are compared with those of nitro- 
glycerine in table 6 by Brunswig, 3 ' 

Hess,* an officer of the.engineers in Austria, in 1873 pointed out the 
defect in this method of expressing the maximum work done by an 
explosive, defined the conception of "brisance," and gave a method 
of determining it. He proposed brisance as the work done by a unit 
of weight of an explosive in a unit of time, and assumed a numerical 
value for this as the quotient of the Berthelot characteristic product 
and the time consumed by the explosion. This period of time was 
to be calculated from the experimentally determined velocity of 
explosion. However, this method of deteimining the work done by 
an explosive did not give complete agreement between calculation and 
experience. 

This was even less the case with the Bichel 31 formula, which de- 
duced the kinetic energy of the products of explosion directly from the 

mechanical formula — — and placed m equal to the mass of the 

m 

explosive in kilograms, and v equal to the velocity of detonation. 
According to this formula the brisance must be proportional to the 
square of the velocity of detonation, indicating a unilateral tendency 
of this latter factor. 

Kast 38 then introduced the cubic density as a new factor in the 
evaluation of the maximum work done by an explosive. He ad- 
vanced a formula which he himself called approximate, namely, 
B = f X d X V t where / = specific energy,* 3 d = density, and V = 
velocity of detonation. In the measurement of brisance he found 
the so-called German crusher test very useful, provided the con- 
ditions of the test are properly chosen.** The test depends upon 

Brunswig, Explosivstoffe (1909), pp. 6 and 78. 
" Mitt, Art.- Geniewesen, 4, 95, (1873). 
n Gltickanf, 41, 465 (1905). 

"Bewertung der Sprengstoffe nach ihrer maximalen Arbeitaleiatung, Z. 
ongew. Chan. (1922), p. 72. 

" Kast, Spreng- und Ztindnioffe, p. 38. 

*Jahre»ber. d. MM ldrv er^uc hsamt e s, 9, 46 {1903); Z. Schiess- u. Spreng- 
8, 88 (1913). 
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the fact that the detonating explosive imparts kinetic energy to a 
heavy steel piston, which is measured by the degree of compression 
of a small copper cylinder placed beneath it. 

Work done in actual practice; explosive effect 

Various more or less incomplete or one-sided empirical methods 
give a practical measure of the explosive effect of an explosive. 

1. The so-called Trauzl lead block test. This test has been the most 
widely used test for obtaining a practical measure of the explosive 
strength of an explosive. It is a determination of the volume of the 
cavity produced by ten grams of the explosive to be tested when 
detonated in a given size of borehole in a cylindrical lead block. 35 
The figure obtained is called the lead block expansion or lead block 
brisance. Naturally the volume of the original borehole is deducted 
from the final volume of the cavity. These volumes are determined 
by the amount of water required to fill the cavity. It is often cus- 
tomary to make a deduction also for the No. 8 blasting cap used to 
detonate the explosive. This amounts to 15 to 25 cc. 

The method gives a reliable comparison of the practical effect only 
within a certain category of explosives, so that different ammonium 
nitrate explosives can be compared to one another very well, or 
various chlorate explosives, or various other dynamites. It should 
be particularly noted that the expansion with increasing energy is 
not an arithmetical but a geometrical progression, and therefore not 
strictly proportional. Ten grams of blasting gelatine apparently 
give more than twice the expansion of five grams. 

For this reason it has often been proposed to evaluate explosives 
not from the expansion given by ten grams, but from a quantity which 
will always give the same average expansion of the lead block, 
amounting to 250 or 300 cc. From a strictly scientific basis this 
method would without doubt be logical and exact. However, this 
method has made little headway up to the present time in the practical 
testing of explosives at factories and testing stations, first perhaps on 
account of a certain conservatism, but mainly because it involves 
the expenditure of appreciably more time and money, because the 
weight in grams must first be obtained approximately from an average 
of a number of normal expansions, such an average weight then being 

" Eseales, Nitroglycerin und Dynamit, p. 176, 
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capable of giving the desired expansion. Furthermore, the devia- 
tions from the proportionality only become appreciable at very high 
expansions. With the lower and average expansions of most of 
the permissible and non-permissible explosives of commercial grades 
(200 to 400 ec.) this deviation does not render the result false to 
any appreciable extent. The results are considerably affected by the 
nature of the tamping. Fine, screened sand is commonly used (see 
Standards of the Fifth International Congress of Applied Chemistry). 

This test can only be used with nitroglycerine if the liquid is 
detonated in a glass which fits air tight so to speak, in the borehole. 

It is important to have the cork discs which seal off the liquid and which 
are perforated to receive the blasting cap, fit closely over the liquid without 
forming any air cushion, so as to give a maximum density of loading and allow 
the maximum quantity of sand tamping to be used. 

The lead block expansion with nitroglycerine and the liquid nitric 
esters can be determined very simply by using water, as tamping. 
This gives high values. Ten grams of the liquid is placed in the bore- 
hole with a cap having a waterproof fuse or an electric cap attached, 
and the hole rilled to the rim with water, which is lighter than all the 
nitric esters. 

Nitroglycerine is among those explosives standing at the top as 
regards lead block expansion, only being surpassed by methyl nitrate 
and nitroglyeol. 



Lead block expansion with water tamping 

Tests made by the author are as follows, but somewhat lower 
expansions were obtained when useing a glass container for nitro- 
glycerine and the others, with sand tamping: 



ce. 

Nitroglycerine 590* 

Nitroglyeol 650 

Methyl Nitrate 620 

•With sand tamping 550 cc. 

The fact that methyl nitrate, in spite of its 10.4 per cent oxygen 
deficiency and low energy content, shows a somewhat higher cxpan- 
Q on than nitroglycerine, can be explained by its high velocity of 
detonation. Likewise the higher brisance of nitroglyeol is not due 
Merely to the more favorable oxygen balance, but just as much to 
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its higher velocity of detonation. Nitroglycol is balanced as regards 
oxygen content, while nitroglycerine contains a 3.5 per cent excess. 

The lead block expansion furnishes a true picture of the total energy 
only for explosives of similar velocities of detonation. This latter 
property affects the results within certain limits. It is an essential 
factor of brisance, so that the expression "lead block brisance" is 
in a certain way justified for this test, although the lead block expan- 
sion mainly gives an expression of the specific energy of an explosive 
and is not influenced by density. 

Non-brisant explosives such as black powder and blasting powder 
should not be compared with brisant explosives on the basis of the 
lead block expansion, since their expansion is comparatively low and 
does not express their practical performance. 

Some types of explosives may be used to compare with the lead 
block expansion of nitroglycerine: 



ee. 

Nitroglycerine 550 

Nitromannite 560 

Gun cotton, compressed, 13.2 per cent N 420 

Blasting gelatine 580 

Gelatine dynamite, 65 per cent 410 

Guhr dynamite, 75 per cent nitroglycerine 325 

Astralit, Donarit, Westfalit (ammonium nitrate dynamites) 390 

Koronit (potassium chlorate dynamite) 290 

Perchlorit, Permonit, Perkoronit (perchlorate dynamite) 325 

Detonit (Ammonium nitrate permissible) 225 

Nobelit (gelatine permissible) 225 

Tetranitromethylaniline 360 

Picric acid 300 

Trinitrotoluene 285 

Dinitrobenaene 225 

Mercury fulminate , 150 

Black powder 30 



2, Crusher test. Often the Hess crusher test is used as a character- 
istic test of the effectiveness of an explosive. It shows the effect in 
the open air, without confinement or tamping, and is considerably 
affected by density, velocity of detonation and sensitiveness to 
initiation. Explosives which are very sensitive are the ones that 
exert the greatest effect without confinement. According to Hess 
two lead blocks 30 mm. high and 40 mm. diameter are placed one 
above the other, resting on an iron or steel plate. On top of the lead 
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blocks is placed a 4 mm. steel plate of the same diameter as the lead 
blocks, and the charge of explosive is placed on this steel plate. The 
charge is 50 to 100 grams. The deformation and compression of 
the upper lead block shows the effect of the explosive. 

Often a single lead block 65 mm. high and 40 mm. diameter is used. 
Liquids must be placed in a sheet lead container of a suitable shape. 

In this test nitroglycerine shows to an even greater extent than 
in the lead block test the effect of the relatively low velocity of de- 
tonation when in a liquid state and without confinement. 

Nitroglycol and methyl nitrate, of higher velocity of detonation 
but of similar energy content, show considerable differences. The 
author found: 



Nitroglycerine 18.5 

Nitroglycol 30.0 

Methyl nitrate 24.5 

Picric acid gives various compressions, depending upon the crystal 
form and density, ranging from 18 to 24 mm., in the latter case with 
severe deformation and tearing of the lead block. 

If the nitric ester is converted into a solid form by absorbing it in 
kieselguhr, the above differences disappear, and 75 grams of nitro- 
glycerine with 25 grams of kieselguhr gives considerably more com- 
pression than 100 grams of nitroglycerine alone. This comparison 
shows strikingly how little the lead block compression can be used 
as an expression of the total energy content. It gives rather merely 
a picture of the method of action, and in this case it is true to a 
remarkable degree, as has been said regarding the lead block expan- 
sion, that "As regards effectiveness, only explosives of the same 
class, and moreover with the same physical condition, can be 
compared." 

Lead block 

Nitroglycerine 75 per cent\ 



Kieselguhr 25 per cent/ 



23.2 



Nitroglycol 75 per centl ^ g 

Kieselguhr 25 per cent/ * 



urn 



Methyl nitrate 75 per cent! ^ , 

Kieselguhr 25 per cent] * * 
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The crushing effect of pure nitroglycerine in a solid, powdery form 
has apparently not been tested. However, it is very probable that 
it would surpass the action of methyl nitrate and not differ appre- 
ciably from that of nitroglycol 

At times this test with liquid nitroglycerine has given an extra- 
ordinary effect, the block having been crushed much more than usual, 
or even torn to pieces. Here apparently the seldom observed high 
velocity of detonation of nitroglycerine has been released by some 
condition. 36 

The other methods of testing the strength of explosives give with 
nitroglycerine less opportunity for characteristic comparisons which 
could be placed in the same class with the above. 37 For this reason 
those which have been included in older articles have been omitted. 

86 Stettbacher, Die Schiess- und Sprengstoffe (1919), p. 124. 

aI In the United States little work haB been done in testing the strength 
of the different liquid explosives. For all solid explosives the manufacturers 
uBe the ballistic mortar, taking the recoil, as measured on a sliding scale as the 
strength, referred to pure trinitrotoluene or 40 per cent dynamite as the stand- 
ard . The above lead block tests are not used.— Tbanslator. 



PART II 

HOMOLOGOUS AND RELATED NITRIC ESTERS 



CHAPTER XIV 



The Lower Glycerine Nitrates 

GLTCERINE DTNITRATfi (dINITROGLYCERLNe) 

Glycerine dinitrate, also called dinitroglycerine analogously to the 
nomenclature of nitroglycerine, exists in two structurally isomeric 
forms: 

CH s ON0 2 CH s OH 

I I 
CHOH and CHONO* 

3 I 

OH.ONO* CH,ONO, 

o-dinitroglycerine /5-di nitroglycerine 

both of which have been made and identified. The commercial 
product is a mixture of the two isomers. 

Historical For a long time dinitroglycerine was absolutely 
unknown, although its preparation is not difficult. Even the litera- 
ture contained hardly any data on its preparation and properties for 
a long time after nitroglycerine had been a commercial product. 
This is remarkable when it is remembered that, particularly in the 
older, imperfect processes of making nitroglycerine with weak acids, 
some dinitroglycerine was always produced as a by-product and 
could be recovered from the wash waters and spent acids by extrac- 
tion. In any case, however, in former times the dynamite plants 
looked more toward the commercial and economic side of the manu- 
facture of nitroglycerine, and the study of the scientific side of the 
reaction was neglected. 

On the other hand, scientific institutions may have had a certain 
amount of disinclination to deal with the explosive nitric esters of 
gaycerine. Thus it happened that this simple and thoroughly stable 
jwbstance was as well as unknown up to the close of the century, and 
« remained for Dr. Anton Mikolajczak in 1903 to first describe the 
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methods of its manufacture and its properties, and to call attention 
to its commercial importance. 1 

Dinitroglycerine was mentioned in 1865 by Liecke, but his state- 
ments were so inaccurate and of so little promise that it- seems that 
he did not have pure dinitroglycerine. 2 

In German pat ent 68957, issued t o Wohl, the solubility of mono- and 
dinitroglyccrines in water was pointed out, and the suitability of the 
latter as a material to be added to nitroglycerine explosives to reduce 
the freezing point was mentioned. Wohl concluded that these 
glycerine nitrates are not very suitable for this purpose on account of 
their solubility in water and difficulty in preparing. 

The commercial importance of dinitroglycerine depends upon the 
fact that it, in contrast to the readily freezing nitroglycerine, is very 
difficult to freeze. For Central European winter temperatures it can 
be considered as practically non-freezing, so that it was used for a 
certain time in the manufacture of non-freezing, plastic explosives. 
Mixed with nitroglycerine it lowers the freezing point and reduces 
the velocity of crystallization of the latter to such an extent that 
mixtures of 70 per cent nitroglycerine and 30 per cent dinitratc are 
very difficult to freeze, and mixtures of equal parts are non-freezing. 
Since dinitroglycerine itself is not much inferior to nitroglycerine in 
strength and brisance the properties of such mixtures do not differ 
very much from the latter, so that for a certain period such mixtures 
played an important part as the basis of "non-freezing dynamites" 
in the explosive art. 

However very soon a competitor of dinitroglycerine for this pur- 
pose arose in dinitrochlorohydrine, the dinitratc of monochlorohy- 
drinc, which finally displaced it. 

Dinitroglycerine had the disadvantage of a very appreciable solu- 
bility in water, making its manufacture inconvenient as compared to 
nitroglycerine and dinitrochlorohydrine, which are both insoluble in 
water. Moreover dinitrochlorohydrine has the advantage of a 
greater safety in handling, and can therefore be used as the basis of 
gelatinous, safe explosives, which is not the case with dinitroglycerine, 
which is not much less sensitive to mechanical aetion than nitroglyc- 
erine itself. 

1 Gliickuuf, 40, 620 (1904) ; Bergbau, 17, Nr. 45 (1904); aame, 20, No. 35 (1907) ; 
Volpert, Z.Schiess-u. Sprengstojfw. (1906), p. 167; British patent 27706 (1904); 
French patent 341911 (1904). 

* Mitt. Hannov. Gewerbcrerein (1865), p. 214; Uinglcr, 179, p. 157, (1866). 
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For a number of years dinitroglycerine was made on a commercial 
scale in the Rummenohl plant of the Castropcr Sicherheitsspreng- 
stoff-A.-G. later the Wcstdeutsche Sprengstoffwerke A.-G., but the 
manufacture was finally given up because it had no appreciable 
advantages over dinitrochlorohydrine, which could be produced more 
cheaply. Dinitroglycerine containing nitroglycerine was also used 
in the manufacture of gelatinous permissible explosives, but these 
also disappeared because just as high a degree of permissibility could 
be obtained with the cheaper nitroglycerine explosives, and no 
particular value was placed upon the non-freezing properties of this 
class of explosives because they were always stored under ground 
in frost-free mines. It appears that today the manufacture of 
dinitroglycerine can be considered merely as an episode in the art. 

Melhod of preparat ton. Glycerine dinit rate is formed from glycerine 
and nitric acid according to the equation: 

CHjOHCHOHCH.OH + 2HN0 3 = CHsONOj-CHONOrCIIiOH + 2H,0, 

and theoretically 92 parts of glycerine and 126 parts of nitric acid 
give 1 82 parts of glycerine dinitrate and 36 parts of water. Therefore 
100 parts of glycerine require only 137 parts of nitric acid rnonohy- 
drate as against 205.4 parts for the trinitrate, giving theoretically 
197.8 parts of the dinitrate as against 246.7 parts of the trinitrate. 

Dinitroglycerine is formed if the esterification of glycerine by 
mixed acid or nitric acid is so conducted as to have either insufficient 
nitric acid present to completely convert the glycerine into the trini- 
trate, or if an insufficient dehydrating power of the acids fails to carry 
out the latter reaction. 

Since this esterification proceeds by stages, embracing three 
possible steps, dinitroglycerine is never formed alone, but is always 
accompanied by the two other possible stages, namely the mononi- 
trate and the trinitrate to a greater or lesser extent. There is no 
process known which gives the dinitrate in good yields without 
the simultaneous formation of some trinitrate. On the other hand, 
if the process is so conducted as to form the. lowest possible yield of 
the trinitrate, the dinitrate is incompletely formed, and some mono- 
nitrate as well. 

Methods of formation. 1. Formation from nitric acid alone. If 
glycerine is added to 3 to 5 times its quantity of highly concentrated 
citric acid, a mixture of di- and trinitrate is formed after standing 
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for some time, which remains dissolved in the nitric acid. The less 
the nitric acid used the poorer the mixture in trinitrate. The more 
the nitric aeid present the further is the esterification in the sense of 
trinitrate formation. The velocity of reaction is considerably less 
than in the esterification by mixed acid, and equilibrium is attained 
only after long standing, in some cases for several hours. 

If a quantity of nitric acid equal to 3 to 4 times the weight of the 
glycerine is poured into the glycerine, so that at first the latter is in 
excess and never comes into contact with highly concentrated acid, 
mostly the dinitrate is formed, with a little mononitrate, while in the 
opposite case the glycerine first dissolves in the still highly concen- 
trated acid, forming at first the trinitrate. 

$. Formation from, mixed acid. If glycerine is poured into a mixed 
acid high in water and low in nitric acid, there is formed nitrogly- 
cerine containing proportions of dinitroglycerine dependent upon the 
quantity and concentration conditions. The same thing occurs if 
the quant ity of sulphuric acid present is insufficient to combine with 
the water up to the point of complete formation of the trinitrate. 

3. Formation by decomposition of nitroglycerine by sulphuric acid. 
If nitroglycerine is dissolved in concentrated sulphuric acid, nitric 
acid is split off and dinitroglycerine formed, together with other 
decomposition products such as the mononitrate and glycerine sul- 
phate. There may also be some unchanged nitroglycerine in solu- 
tion, depending upon the degree of saturation of the sulphuric acid 

with nitroglycerine. 8 

For commercial manufacture only the Mikolajczak process is of 
importance. It was in practical use for a number of years by the 
Castroper Sicherheitssprengstoff A.-G., later the Westdeutsche 
Sprcngstoffwerke A.-G. at their Rummenohl plant at Hagen in 
Westfalia. 4 It is based upon the solution of glycerine in nitric acid 
of a specific gravity 1.5, about 3 to 4 parts to 1 part of glycerine, 
maintaining this solution for several hours in order to complete the 
reaction (so called after-nitration), and neutralizing the solution 
diluted with ice and water with fine marble or calcite dust, forming a 
concentrated calcium nitrate solution of a higher specific gravity 

3 Escales, Nitroglycerin u. Dynamit, p. 180, and Kast, Spreng-u. Z&ndstojfe, 
p. 168. 

* German patent 205752 to C. Put*, and addition 225377 (1903) . Also Heise , 
Bergbau (1907), No. 35. 
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than that of the dinitroglycerine, so that the oil which separates 
floats on the surface and can be withdrawn by a funnel in the usual 

way. 

The oil is washed with a soda solution to remove the acid, and 
washed and dried by a special process. 

The waste calcium nitrate liquor made from the unconsumed nitric 
acid is decomposed by a calculated quantity of ammonium sulphate 
into ammonium nitrate and calcium sulphate, the former being used 
in the manufacture of explosives, the latter as a fertilizer. 

Preparation of pure dinitroglycerine. In order to obtain pure dini- 
troglycerine, free from nitroglycerine, the crude product is dissolved 
in a larger quantity (13 to 15 times) of water, separated from the 
undissolved nitroglycerine, and the aqueous solution extracted by 
ether. The dinitroglycerine obtained from the ether usually shows 
readily the Abel heat test reaction, which is due to the adhering 
oxidation products of the ether. The dinitroglycerine can also be 
obtained from the aqueous solution by distilling off the water under 
a vacuum. The product obtained shows no color in the Abel heat 
test even after one hour at 72°C. By repeated solution in water 
and extraction it can be freed from the last traces of nitroglycerine, 
and it then shows the theoretical nitrogen content of 15.38 per cent. 

In thin layers over sulphuric acid, or by gentle heating at 40 to 
50°C. the aqueous dinitroglycerine can be readily and completely 
dried. 

German patent 210990 (1907) 5 by Dr. Claesscn describes a process 
for purifying dinitroglycerine containing 3 per cent water, consisting 
in mixing the latter with kieselguhr and crystallizing it in a freezing 
mixture, large quantities of the moist dinitroglycerine being placed 
in a freezing mixture and "seeded" with the frozen product. The 
crystalline hydrate can be recrystallized from water, alcohol or 
benzene. It melts at 26°C, and on heating goes over again into the 
anhydrous, oily dinitroglycerine (sec next chapter). 

Physical and chemical properties. Dinitroglycerine obtained by 
esterification of glycerine with nitrie acid is a mixture of the two 
possible structural isomers (see introduction to this chapter). It 
has a specific gravity of 1.47 at 15°C. according to Will,* 1.517 at 

1 Z. f. Sehiess-u. Sprengstoffw. , (1909) , p. 333. 

* The Bpecifie gravity according to Will seems to be based on wet dinitroglyc- 
erine. When saturated with water it had a Bpecifie gravity of 1.17 according 
to the author's determinations. 
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20°C. according to the author's determinations, and 1.51 at 15°C. 
according to Blochmann, 7 and is a colorless, odorless oil, more viscous 
than nitroglycerine, boiling at H6°C. under 15 mm. pressure with 
hardly any decomposition. The crystallizing point of the dry oil 
has not yet been determined. At temperatures of about — 40°C. 
it solidifies to a glassy mass, which easily goes over into the liquid 
state again. 

At ordinary temperatures and at a gentle heat it is only slightly 
volatile. The volatility when warm is about 1§ to 2 times that of 
nitroglycerine. When the vapors are breathed, or the oil comes into 
contact with the skin it produces headaches like nitroglycerine. 
Like the latter it has a burning taste, and is apparently poisonous. 

Solubility. As the di-ester of nitric acid it shows solubilities like 
those of nitroglycerine and is, for example, easily soluble in ether, 
acetone, alcohol and chloroform, somewhat less soluble than nitro- 
glycerine in benzene, and insoluble in carbon tetrachloride and 
benzine. 

On account of the hydroxyl group present it is considerably more 
soluble in water than nitroglycerine, although not very soluble. At 
room temperatures it dissolves in about 12§ times its weight of water. 
At 15°C. 100 parts of water dissolve about 8 parts, at 50°C. about 10 
parts. In dilute alkalies and acids it is very readily soluble. It 
dissolves in strong sulphuric acid, like nitroglycerine, splitting off 
HNO s and breaking down to mononitrate and glycerol sulphate. 

Hygroscopicily. Dinitroglycerine is hygroscopic. In moist air 
it quickly attracts water up to 10 per cent, forming a hydrate of the 
formula 3(C 3 H 6 N 2 0 7 ) -f H 2 0 with a water content of 3,2 per cent. 
When heated to 40 to 50° or in a desiccator it loses the water readily. 

Gelatinizing powers. Dinitroglycerine gelatinizes collodion nitro- 
cotton very rapidly, even at ordinary temperatures. However, the 
gelatine remains somewhat sticky, is less elastic and more easily 
deformed than that made from nitroglycerine. In moist air the 
gelatine becomes sticky and greasy from absorption of moisture, and 
loses its solidity. Moreover, water gradually dissolves the dinitro- 
glycerine from it, leaving behind the nitrocellulose framework as a 
tough, stiff mass. 

1 Der Bergbau (1LK55), Nr. 48; Escales, Nitroglycerin u. Dynamit, p. 186. 
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The isomeric forms of dinitroglycerine 

The separation and determination of position of the two isomers of 
dinitroglycerine was due to Will and his associates Haanen and 
Stonrer. 8 They crystallized the mixture of moist product and kiesel- 
guhr by supercooling and "seeding" large quantities of the moist oil 
with frozen guhr mixtures. The larger part of the former crystal- 
lized in prisms, but a small part of the same chemical composition, 
separated and by further seeding, could not be crystallized. 

K-DinUroglycerine. The crystaline compound was called K- 
dinitroglycerine and showed itself to be the previously mentioned 
hydrate with one molecule of water to three of dinitroglycerine. It 
dissolves readily in water, alcohol and ether, difficultly in benzene, 
and from the latter it can be recrystallized very well. The crystals 
easily lose their water again on heating in the air or over sulphuric 
acid, and go over into the oily form, although they retain this water 
of crystallization on recrystallizing from water, alcohol, ether or even 
from benzene. 

Benzoyl ester. On treating the K-dinitroglycerine with the calculated 
quantity of benzoyl chloride in aqueous solution with alkali, a dinitrobenzoy 1 
glycerine having a melting point of 67°C. is obtained, insoluble in water, sol- 
uble in alcohol, ether and benzol, and readily recrystallized from alcohol with 
no water of crystallization. 

p-7 itrobemoyl ester. The action of p-nitrobenzoyl chloride in ether solution 
upon K-dinitroglycerine suspended in water, adding the calculated quantity 
of sodium hydroxide, forms the corresponding p-nitrobenzoyl ester, difficultly 
soluble in hot alcohol, and melting at 94°C. 

F-dinUrogiycerine. On drying the uncrystallizcd portion of the 
moist dinitroglycerine loses about 3 per cent water, like the crystal- 
line variety. Both the aqueous and the dry product are shown to 
be chemically identical with K-dinitroglycerine, and agree with the 
latter in almost all their properties such as boiling points, solubilities, 
odor, taste, explosive character, etc . It is characterized by a different 
melting point (81°C.) and a ready solubility of the p-nitro benzoyl 
ester in alcohol. 

The different solubilities of the benzoyl and p-nitrobenzoyl ester 
permit deteirnining the quantities in which both isomeric forms of 
Nitroglycerine form simultaneously under different conditions. 



*Ber. d. d. Chem, Ges., 41, 1110 (1908), and Z. Schiess-u. Sprengstoffw. 
(1908), pp. 324 and 370. 
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1. In the preparation by mixed acid (German patent 181385) 
there is a 70 to 75 per cent content of crystallizable dinitrate. 

2. In the preparation by nitric acid alone (Mikolajczak Method) 
there is 60 to 65 per cent of the crystallizable dinitrate present. 

The K-dinitroglycerine proves to be the symmetrical compound, 
CH 2 0NO 2 CHOHCH 2 ONO 2 , and the F-dinitroglycerme the asym- 
metrical compound, CH 2 ON0 2 CHONOs'CH 2 OH. The proof of 
the constitution is derived from the two isomeric glycerine mono- 
nitrates, and is therefore considered in the chapter on "Mononitro- 
glycerine." 

Chemical properties 



Toward chemical reagents the two dinitroglycerines show the 
properties of nitric acid esters. They are easily decomposed by 
acids, splitting off nitric acid, and oxidizing. Sulphuric acid splits 
off HNOs and breaks them down to the mononitrate and glycerine. 9 
Saponification occurs with alkalies. Concentrated potassium or 
sodium hydroxide, as in the formation of epichlorohydrine from 
diehlorohydrine, causes one molecule of HN0 3 to split off and 
KN0 3 , for example, and nitroglycide : 

CH 2 ONO, 
I 



J > 



both dinitroglycerines forming the same nitroglycide, which with hot 
water goes over into the o-mononitroglyceiine. 

In other respects dinitroglycerine shows the properties of a weak 
acid. Even after complete removal of all traces of all mineral acids 
and in an absolutely stable condition it colors blue litmus paper a 
wine-red and dissolves readily in dilute alkalies. On the other hand 
it does not dissolve in a weak soda solution any more readily than in 
water and does not decompose carbonates, and is therefore a weaker 
acid than carbonic acid. The formation of characteristic salts of 
dinitroglycerine does not appear to have been accomplished as yet. 

The hydroxyl group in dinitroglycerine is capable of further esterifi- 
cation. With concentrated nitric acid or mixed acid nitroglycerine 

' Analysis by nitrometer: N = 15.38 per cent. 
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is readily formed. With acetic anhydride acetyldinitroglycerine 
forms easily on heating, and in the same way benzoyl chloride forms 
benzoyldinitroglycerine. 

Explosive character 

Thanks to its composition, dinitroglycerine is an energetic explo- 
sive. The explosive decomposition is according to the following 
equation : 

CH a OH.CHON0 2 CH 8 ONO, = 2C0 2 + CO + 2H a O + N, + H, 

and can be indueed by a sudden heating, mechanical effects or initia- 
tion, just as with nitroglycerine. The molecule lacks two atoms of 
oxygen for complete combustion to C0 2 and H 2 0, or 100 parts of 
dinitroglycerine lack 17.6 parts of oxygen, so that the oxygen balance 

is —17.6 per cent. 

The heat of explosion calculated according to the above equation 
is, with 116.7 Calories per molecule heat of formation, 1304.4 Calories 
per kilogram at constant volume and with water liquid, or 1201 
Calories with water as vapor. The figure given by Blochmami 10 of 
942 Calories per kilogram as the heat of explosion is too low. There- 
fore dinitroglycerine is weaker than nitroglycerine, having only 81 
per cent of the energy content of the latter. As regards sensitive- 
ness to detonation there is no appreciable difference. 

Behavior on heating; stability. On careful heating small amounts 
dinitroglycerine can be evaporated without explosion or deflagration. 
On platinum foil it deflagrates with a slight noise when heated rapidly. 
The same thing occurs with the hydrate after removal of the water. 
Heated in a glass tube it gives off red vapors above 150°C. Above 
170°C. it undergoes violent decomposition with volatilization and 
slight deflagration. On heating larger quantities to this temperature 
there may be an explosion. 

Stability. Stabilized dinitroglycerine exceeds nitroglycerine in 
stability and gives no discoloration to the paper even after one hour 
at 72°C. 

Heat test at 75°C. It shows an appreciably higher stability than 
nitroglycerine on storing at higher temperatures, perhaps due to its 
chemical constitution or the smaller number of nitric acid radicals 
in the molecule. Ten grams in a loosely covered weighing bottle, 

w Bergbau (1905), No. 48; Esc ales, Nitroglycerin u. Dynomit, p. 186. 
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stored at 75°C, was still neutral after six days, and Lad only lost 0.1 
per cent in weight from evaporation. A reaction occurred after 
fourteen days, forming some acid, with a loss of weight of 0.8 per 
cent. On further storage gradual decomposition took place. 

Sensitiveness to shock. The sensitiveness to shock is only slightly 
less than that of nitroglycerine. 11 Explosive mixtures containing 
dinitroglycerine behave correspondingly. The safety in handling 
dinitroglycerine and its preparation is therefore about the same as 
with nitroglycerine as regards mechanical effects. 

Explosive effect. In the Trauzl block 10 grams of liquid dinitro- 
glycerine with water tamping give about 500 cc. net expansion when 
detonated by a No. 8 cap, as against 600 cc. for nitroglycerine, and 
it is therefore 83.3 per cent the strength of the latter. The heats of 
explosion of the two, or 1201 Calories for dinitroglycerine versus 
1 485 Calories for nitroglycerine, arc in the relation of 81 : 100. There- 
fore the lead block test furnishes a rather exact picture of the relations 
of the total energy contents of the two esters. 

Crusher test. Dinitroglycerine also proves to be highly brisant in 
the crusher test. One hundred grams of dinitroglycerine in a lead 
container having walls 0.7 mm. thick and 40 mm. in diameter, with 
a wooden cover, loosely covered and detonated by a No. 8 cap, gave 
a 21 mm. compression to a lead block 65 mm. high and 40 mm. 
diameter. Under the same conditions nitroglycerine deformed the 
block considerably, with a compression of about 30 mm. The 
relation is therefore 70:100. The total energy content of dinitro- 
glycerine is therefore less evident in this test, due to its lower velocity 
of detonation (see also dinitrochlorohydrine, explosive charac- 
teristics). 

GLYCERINE MONONITRATE (m O N ON ITRO GLYCERINE) 

Glycerine mononitrate, the simple nitric ester of glycerine, exists in 
two structurally isomeric forms: 

CH a 0H CH.OH 

I I 
CHOH CHONOj 

I I 

CHsONOj CH,OH 

a-inononitroglycerine fJ-mononitroglycerine 



11 See statements by Blochmann, loc. cit. 
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which have different melting points. They occur as by-products in 
the manufacture of dinitroglycerine, and although they can be 
detonated by a powerful initiating impulse, they are of no importance 
in the explosive art on account of their low energy content and high 
hygroscopicity, quite aside from their difficult and uneconomical 
manufacture. 

They were first mentioned by Liecke in 1865 (see Dinitroglycerine, 
Historical), but his statements on the manufacture and properties 
appear unreliable. In 1879 Hanriot 12 obtained a mo no nitroglycerine 
by the action of dilute nitric acid upon glycide : 

CH ' 



CH s OH 

and described it as a compound readily soluble in water but difficultly 
soluble in ether, and which could not be exploded by shock. 

Its preparation in a pure condition, its general characterization and 
proof of structure of the two isomers was due to Will and his 
associates 13 (see Dinitrate) . They obtained it by an ether extraction 
of the concentrated neutralization liquors from the preparation of 
dinitroglycerine. 

Preparation. The author prepared it as follows: A mixture of 250 grama 
of concentrated nitric acid and 50 grams of concentrated sulphuric acid, 
very well cooled, was put into 100 grama of glycerine. Toward the end of 
the operation, a temperature of 5 to 10°C. being maintained, there was a 
great tendency toward oxidation, so that 300 parte of crushed ice was added 
at once, whereupon a small quantity of di- and trinitrate mixture separated, 
which was drawn off. It was then extracted several times with ether, and the 
ether solution neutralized. 

The first extract yielded 26 grams of a mixture of 40 per cent di- and 60 per 
cent mononitrate. The second to eighth extracts inclusive gave 23 grams of 
pure mononitrate. The neutralized and evaporated solution gave 8 grams more 
of the mononitrate on extraction of the salt residue. Since 100 parts of glycer- 
ine theoretically give 149 parts of mononitrate the 47 grams obtained corre- 
spond to about 30 per cent of the theoretical yield. 

Separation from the dinitrate: The separation of mono- and dinitrate is done 

"Ann. Chim. phyis. (5), 17, 118. 

"Bar. d. d. Chem. Ges., 41, 1110 (1908), and Z. Schiess- u. Sprengstoffw. 
(l&GB),pp.324and370. 
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by the different solubilities in water and ether. From a dilute solution of 
both nitrates in water ether easily removes the dinitrate. The mononitrate 
is then obtained by removal of the water in a vacuum, or by an intensive ether 
treatment of the concentrated solution. 

Will crystallized the guhr mixture of the mononitrates by super- 
cooling and seeded the first oily product. By working up the mother 
liquor from the mononitrate he then obtained a small quantity of the 
second isomer, from which the remainder of the other could be 
separated by crystallization. Also the second isomer, which was 
finally recognized as the 0-form, was crystallized in admixture with 
guhr, and differentiated from the a-form by the melting point. An 
additional characterization was possible from the different melting 
points of the p-dinitrobenzoyl esters. From the total quantity of 
mononitrate only about 3 to 4 per cent of the ^-nitrate could be 
isolated. 

Preparation of pure a-mononilraie. The smoothest way of prepar- 
ing pure mononitrate and obtaining almost exclusively the <*-form, 
is from dinitroglycerine via nitroglycide. The latter is heated for a 
long time with water, and goes over into the a-mononitroglycerine 
by taking on one molecule of water, and by evaporation of the latter 
at a gentle heat or in a vacuum this can be isolated. 

Properties. The mononitrate is usually obtained as a colorless 
oil, less viscous than glycerine but more so than dinitroglycerine. It 
has a very slight tendency to crystallize, and can be stored in the 
pure state for a long time without any crystallization. Even after 
melting the crystalline aggregate shows a pronounced tendency to- 
ward supercooling. The specific gravity of the liquid mononitrate is 
1.417 at 15 D C. according to the author, and 1.40 at the same tem- 
perature according to Will. The specific gravity of the crystalline 
a-form, on the other hand, is 1.53. The melting point of the o-form 
is 58 to 59°a, and of the 0-fonn 54°C. according to Will. The 
boiling point of both isomers at 15 mm. is 155 to 160°C, also accord- 
ing to Will. 

Mono nitroglycerine has a rather bitter taste, and on the tongue or 
skin of sensitive persons causes headache. It is miseible in all pro- 
portions with water and alcohol, but in ether, on the other hand, it 
is relatively slowly and slightly soluble. It therefore approaches 
glycerine in its properties, and like the latter, is very hygroscopic. 
In contrast to glycerine, which is almost insoluble in nitroglycerine, 
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mononitroglycerine mixes with the latter. With collodion nitro- 

cotton it forms no complete gelatine. 

Chemical properties. Mononitroglycerine acts like both a nitric 
ester and an alcohol. In the Lunge nitrometer it gives the calculated 
nitrogen content of 10.22 per cent. In contrast to K- dinitroglycerine 
it forms no hydrate, at least both of the known crystal forms are 
water-free. 

On moderate heating the material is absolutely stable, but when 
rapidly heated to 170°C. in a glass tube it breaks down and gives off 

a gas and turns yellow. 

Reactions. The aqueous solution reacts neutral to litmus, so that 
mononitroglycerine is not an aeid. With nitric acid mononitrogly- 
cerine forms dinitroglycerine and nitroglycerine, and with mixed acid 
readily forms nitroglycerine. Furthermore it easily forms mixed 

esters insoluble in water. 

The diacetyl ester melts at 18 to 20°C, the dibenzoyl ester at 
68 to 69°C, the p-dinitrobenzoyl ester at 139°C, all according to 
Will. 

These figures refer to the derivative of a-mononitroglycerine. 
The p-dinitrobenzoyl ester of the /3-com pound melts at 52°C. The 
a-compound is moreover characterized by a double compound which 
it forms with calcium nitrate, 4C 3 H 6 (0H) 2 ONO 3 + Ca(NO*) B , 
which melts at 117°C. if recrystallized from alcohol. This com- 
pound is not formed by the /3-variety. 

Explosive character. As a possible explosive mononitroglycerine 
has a very unfavorable oxygen balance. The molecule lacks 4£ 
atoms of oxygen for complete combustion, so that its oxygen deficiency 
is 52.5 per cent. Nevertheless an explosive decomposition is theo- 
retically possible according to the following equation: 

2{CH l OH-CHOH CH s ONOj) = 6CO + 4H,0 -f N s + 3H 2 

since this decomposition develops a quantity of heat amounting 
to 572 Calories per kilogram at'eonstant volume with water liquid, 14 
the molecular heat of formation of mononitroglycerine being assumed 

as 139.4 Calories. 

From the thermoehemical point of view an explosion would there- 
fore be expected, and in fact the product is clearly an explosive, 



Or 434 Calories with water as vapor. 
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contrary to the data given by Will," since it can be readily exploded 
by an initiating impulse although under certain conditions it is rather 
insensitive- 
It is very insensitive to blows and cannot be detonated in the 
falling weight test. Its detonation by a blasting eap depends greatly 
upon its physical condition. When in the form of an oil it cannot 
be detonated by a No. 8 cap in the lead block because of its viscous 
nature and relatively low development of heat. A weak and partial 
detonation occurs if it is absorbed in Heselguhr and so changed to a 
powder. In this condition 10 grams gives 75 cc. net expansion with 
development of vapors of acrolein. The crystalline product, how- 
ever, detonates easily in the lead block, with the very substantial 
net expansion of 245 cc. Here the relation of energy content and 
strength developed in the lead block between nitroglycerine and 
mononitroglycerine approximately correspond. With 572 Calories 
mononitroglyccrine has about 36 per cent of the energy content of 
nitroglycerine, which has 1595 Calories, and gives a net expansion of 
of 550 cc. with sand tamping, as compared to the 245 cc. for mononi- 
troglycerine, or 44.5 per cent the strength of nitroglycerine, which is 
a fair agreement if the inaccuracy of the lead block figures in general 
is taken into consideration, as well as the fact that the mononitro- 
glycerine was detonated as a crystal powder, the nitroglycerine as a 
liquid. 

Proof of the constitution and determination of position of the isomeric 
glycerine mononitrates and dinitrates : 1S 



CH 2 ONO, 
I 

CHOH 
J 

CH 2 OH 

a-mononitrate 
m.p. 58° 



II 

CH 2 OH 

CHONO, 
I 

CH 3 OH 

^-mononitrate 
m.p. 54° 



III 

CH,ONOs 
[ 

CHONO, 

I 

CH 2 OH 

asymmetrical 
dinitrate 
liquid. 



rv 

CH,ONO* 
I 

CHOH 
j 

CHsONO* 

symmetrical 
dinitrate 
m.p. of hydrate 
20° 



The fact that the mononitrate melting at 58°C. is formed from the 
nitroglycide by boiling with water shows that it contains the nitric 

" Ber., loc. cit. 
" Will, loc. cit. 
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acid group in the a-position. The a-substituted mononitrate should 
give two dinitrates on further treatment with nitric acid, but the 
^-substituted variety only one, namely the asymmetrical dinitrate. 
As a matter of fact, Will obtained both dinitrates from the mononi- 
trate melting at 58°, and from that melting at 54° only one, which 
formed no crystalline hydrate. Therefore the mononitrate melting 
at 58°C. corresponds to the a-compound of Formula I, and that melt- 
ing at 54°C . to the jS-compound of Formula II. The dinitrate formed 
only from the a-mononitrate and not from the ^-mononitrate must 
be the symmetrical one. It is that forming a crystal hydrate melting 
at 26°C, corresponding to Formula IV. The dinitrate obtained 
from both mononitrates can only be the asymmetrical. This is the 
liquid which must accordingly correspond to Formula II. 



NITROGLYCIDE, A DECOMPOSITION PRODUCT OP DINITROG L YC E RINE 

Nitroglycide, the nitric ester of glycide, 

CH,OH 

CIK 
I > 

ch/ 

the internal anhydride of glycerine, cannot be obtained by direct 
esterification of glycide because of the easy break-down of the oxygen 
bond, since it is immediately transformed by acids. It is formed 
from dinitroglycerine, even from both isomers, by treatment with 
concentrated alkalies, splitting off a molecule of HN0 4 according to 
the following equation: 

CH 2 ONO, CH 2 ON0 2 
I I 

CHON0 2 or CHOH + KOH 

I I 

CH 2 OH CHjONO, 

Although it has found no application up to the present time in explo- 
sive technique, it is of interest on account of its ehemical properties 
and its high explosive strength and sensitiveness in comparison to 
mononitroglyccrine, closely related to it as regards synthesis and 
oxygen balance. 



CHiONOj 
I 

CH \ + KNO, + H 2 0 

I > 

ch/ 
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Preparation. Nitroglycide was first made by the author in 2907 as follows: 
One hundred grams of dinitroglycerine free from trinitrate was shaken at room 
temperatures with 225 grams of 30 per cent sodium hydroxide. At first a clear 
solution was formed, and then after about one minute the liquid became 
milky and a very mobile oil settled out, which was washed several times with 
water and dried in a desiccator. The reaction was accompanied by a very 
slight evolution of heat, the temperature rising only about 1 to 2 D C. The 
yield was 62 grams or 95 per cent, the theoretical being 65.4 grams. 

Analysis. Since the oil exploded at once in contact with sulphuric acid it 
was first suspended in dilute sulphuric acid for the Lunge nitrometer determina- 
tion, and added drop by drop to well cooled concentrated sulphuric acid to 
avoid development of heat, until it dissolved completely. The solution was 
then washed quantitatively into the nitrometer by means of concentrated 
sulphuric acid- The nitrogen content was found to be 11.75 per cent, the 
calculated being 11.87 per cent* 

Physical properties. Nitroglycide is a water-white, very mobile 
liquid with a slight, pleasant, aromatic odor and a specific gravity of 
1.332 at 20°C. It does Dot freeze at - 20°C, boils at 174°C. to 175°C. 
at ordinary pressures, but not without some decomposition such as 
evolution of nitrous vapors, or at 94°C. under a pressure of about 20 
mm. It is very volatile at ordinary temperatures. The loss in 
weight of a small quantity exposed at room temperatures in a shallow 
dish after thirty hours was 10 per cent, at 40 C C. for four hours 35 
per cent, and at 100°C. for two hours there Jwas complete evaporation. 
The oil is not hygroscopic, but dissolves in water, about 5 grams per 
100 cc, at 20°C. If the solution is not warmed ether will extract the 
nitroglycide unchanged. 

Solubility. The oil is miscible in all proportions with alcohol, ether, 
acetone, ethyl acetate and nitroglycerine. 

Gelatinizing properties. The oil gelatinises collodion nitrocotton 
and even gun cotton immediately even at room temperatures* 

Chemical properties. L With concentrated sulphuric acid the 
reaction is so violent and accompanied by so great evolution of heat 
that even with very small quantities there is an almost instantaneous 
explosive deflagration, accompanied by a flame and charring of the 
residue. With dilute sulphuric acid there is at first no reaction. If 
concentrated sulphuric acid is added gradually solution occurs with 
decomposition and splitting off HNOs. 

2. The oil dissolves in concentrated nitric acid with a great develop- 
ment of heat and formation of dinitroglycerine and mtroglycerine. 
On dilution with water the latter precipitates. 
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3. In concentrated hydrochloric acid the oil dissolves with con- 
siderable evolution of heat and addition of one molecule of HCL 
On dilution with water an oily monochlorohydrine mononitrate 

partly precipitates, 

4. The oil is saponified to glycerine by boiling alkalies. 

5. Halogens act very slowly, with formation of substitution 

products, 

6. Arnmoniacal silver nitrate solutions are slowly reduced on gentle 
heating. Glycide reduces these even in the cold. 

7. Boiling water converts nitroglycide into a-mononitroglycerine, 
with addition of one molecule of water. 

Explosive charader. In spite of its unfavorable oxygen balance, 
100 parts requiring 60.5 parts of oxygen for complete combustion, 
nitroglycide is a highly brisant and very sensitive explosive, and is 
an interesting contrast in this respect to the closely related mononitro- 
glycerine, whose anhydride it is. 

While the latter is very insensitive and difficult to start off and not 
capable of being exploded when in a liquid condition by either shock 
or blasting cap, nitroglycide explodes under the falling weight test 
at very low drops, 0.2 kg.-meters, or with a 10 to 20 cm, drop of 
a 2 kg. weight, and when in a liquid condition it explodes easily 
with a blasting cap and develops considerable brisance. 

In the Trawl lead block 

10 grams liquid nitroglycide with water tamping and No- 8 cap gave 430 cc. 
net 

10 grams liquid nitroglycide with water tamping and No. 1 cap gave 370 cc. 
net 

10 grams nitroglycide absorbed in kiesclguhr, sand tamping gave 310 cc. 
net 

10 grams nitroglycide gelatinized with 5 per cent collodion nitrocotton, 
with Band tamping gave 395 cc. net 

On rapid heating in a test tube the oil exploded with a sharp report at 195 
to 200°(X In contact with a flame at ordinary temperatures it ignites easily 
and burns vigorously with hissing. 

The easy explosive decomposition of nitroglycide is particularly char- 
acterized by the fact that it explodes even with the weakest blasting cap, a 
No. l f giving 86 per cent of the explosive effect obtained with a No, 8 cap. 
If the values of expansion produced by the caps in question with water tamp* 
ing, namely 30 cc, for the No. 3 and 7 cc. for the No. 1, are deducted, the re- 
lation becomes 91:100. With nitroglycerine this relation is 32:100. There- 
fore nitroglycide detonates more easily than liquid nitroglycerine. 
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This high sensitiveness, particularly in contrast to the closely related but 
inert mononitroglycerine, depends mainly upon the easy propagation of the 
wave of detonation by a liquid of low viscosity. Also perhaps in this case the 
nature of the chemical structure of the molecules, i.e., the easy mobility of the 
anhydride oxygen atom, plays a special part, while the thenno-chemical 
difference is not sufficient to explain the fundamental contrast between the 
sensitiveness to detonation of the liquid mononitroglycerine and the liquid 
nitroglycide. The latter decomposes according to the equation: 

CH 



1 > 

UH / = 6CO + 



2{CH ' = 6CO + 2H,0 + N* + 3H, 
I 

CH s ON0 2 

with development of 824 Calories per kilogram at constant volume and water 
liquid, or 745 Calories per kilogram with water gaseous, the molecular heat of 
formation being taken as 51.4 Calories. Mononitroglycerine, with 572 Cal- 
ories, has 69.5 per cent of the energy content of nitroglycide, and as a crystal 
powder and under sand tamping a lead block expansion of 245 cc, or only about 
62 per cent the strength of nitroglycide, so that a higher velocity of detonation 
must be assumed for the latter. Similar relations hold between nitroglycide 
and the powerful nitroglycerine. The energy contents, 1595 and 824 Calories, 
are aa 100:52. On the other band, nitroglycide with 430 cc. expansion has 
72 per cent the explosive effect of nitroglycerine, with 600 cc. expansion. It is 
therefore relatively more brisant than nitroglycerine. 
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Mixed Explosive Glycerine Esters 

nitrates of the chlorohydrdjes 
M onocklorohydrim dinitrate (dinitrochlorohydrine) 

Of all the nitric eBters related to or homologous with nitroglyc- 
erine, up to the present time in Germany mainly the dinitrate of 
monoehlorohydrine, the so-called dinitrochlorohydrine 

CH,ONO a 
I 

CHONO, 
CH»Cl 



has become of permanent commercial importance. Among the explo- 
sive nitric esters proposed as additions to nitroglycerine to reduce the 
freezing point of the latter in the first decade of the century, namely 
dinitroglycerine, tetranitrodiglycerine, nitroglycol, acctyldinitro- 
glycerine, etc., up to the present time dinitrochlorohydrine has been 
preferred in Germany because of its convenience and smooth, safe 
manufacture. 1 In addition to this should be mentioned its favorable 
properties Buch as insolubility in water, explosive strength and moder- 
ate volatility. 

Its relatively low sensitiveness to shock and heat as compared to 
nitroglycerine is a point in its favor, so that it can form the basis of 
gelatinous explosives similar to dynamite, which surpass the gelatine 
dynamites in safety in handling to a considerable extent, and therefore 
enjoy in Germany a preference in requirements for railroad 
transportation. 

Binitrochlorohydrine was also used for a long time in the manufac- 
ture of safety and permissible gelatinous explosives. 

1 In the "United States dinitrochlorohydrine was used for a short time by the 
former Aetna Explosives Company, but for the last decade or so the greater 
Part of the explosives have been made with diglycerine tetranitratc .— 
Translator, 

179 



180 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



It was first prepared by Henry, 2 and first mentioned as an explo- 
sive component by Volney in 1881.* However, at that period there 
seems to have been no appreciable introduction of the product into 
explosives. In 1904 it was patented and introduced as a means of 
manufacture of non-freezing, plastic explosives by the Dynamit 
A.-G. vormals Alfred Nobel & Co * From this time on it found 
commercial use, not in a pure condition but in admixture with nitro- 
glycerine, made by nitrating corresponding mixtures of monochlo- 
rohydrine and glycerine. 6 

Method of formation. Dinitrochlorohydrine is formed in two 
isomeric modifications; from 

CHsOH CH,OH 

i i 

CHOH CHCl 

I I 
CH 2 C1 GHiOH 

a-monochlorohydrine 0-monoehlorohydrine 

by esterification with nitric acid according to the equation: 

CHaOH • CHOH • CH 2 C1 + 2HN0 3 = CH X ON T 0 2 ■ CHONO» - CH S C1 + 2H,0. 

110.5 126 200.5 36 

Of the two structural isomers: 

CH^NO, CHsONO, 

I I 
CHONO* CHCl 

CH 2 C1 CHiONO, 
a-dinitroch!orohydrine ^-dinitrochlorohydrine 

the commercial product contains mainly the former. 

Therefore 100 parts of monochlorohydrine require for esterifica- 
tion 114 parts of HN0 3 and theoretically give 181.45 parts of dini- 
trochlorohydrine and 32.6 parts of H 2 (X To form 100 parts of 

*C.R., 70, p. 860 (1870); Bcr., 3, p. 347 (1870); Liebig's Ann., 155, p. 165 
(1870). 

'United States patent 249490 (1881); Z. Schiess- u. Sprcngstoffw. (1909), 
pp. 405 and 456, and (1910) p. 36J - 

* German patent 183400; Belgian patent 185513. 

* Schiess- u. Sprengstoffw. (1906), p. 229; Bergba u, 40, No. 43 (1907). 
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dinitrochlorohydrine therefore requires 55.1 parts of chlorohydrine 

and 62.8 parts of HN0 3 . 

The a-dinitrochlorohydrine (asymmetrical) is formed by the action 
of concentrated nitric acid on epichlorohy drine : 

CH,C1 CHjCl 

1 

+ 2HNO, = H,0 + CHONO, 

CH a ONO, 




while the £-mtrochlorofyydrine (symmetrical) is prepared by the action 
of phosphorus pentachloride on a chloroform solution of symmetrical 
K-dinitroglycerine : 

CHjONOt CHjOKO, 
I I 

CHOH + PC1 B = 2{CHCl + H,0 + POC1, 

[ 1 
CH s ONO, LCH,ON0 4 

Method of preparation and jnanufacture. It is made by gradually 
adding monochlorohydrine, with good cooling and agitation, to a 
mixed acid, just as in the manufacture of nitroglycerine, in the same 
apparatus, and usually with the same mixed acids, but naturally with 
a smaller quantity of mixed acid per unit of weight of monochlorohy- 
drine than with glycerine, corresponding to the lower consumption 
of nitric acid and the smaller quantity of water to be fixed. 

Raw materials, (a) Mixed acid. Usually the same mixed acid is 
used as for the manufacture of nitroglycerine. 

(6) Monochlorohydrine. Before it obtained importance as a raw 
material for dinitrochlorohydrine, monochlorohydrine was made to 
only a limited extent, and the process was therefore practically 
unknown as far as profitable manufacture was concerned. This was 
developed as its importance in the art of explosive manufacture be- 
came known. Monochlorohydrine can be made either by the chlori- 
nation of glycerine at high temperatures and under pressure in auto- 
claves with concentrated hydrochloric acid, or by chlorination at 
moderate temperatures by means of sulphur chloride. The product 
obtained by the first process is always more or less contaminated by 
dichlorohydrine, at least if complete chlorination of the glycerine is 
obtained, while the second process can be so conducted as to give 
almost wholly the monochlorohydrine. 
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According to German patent 180068, issued to the Deutsche Sprengetoff- 
A.-G, g the monochlorohydrine is obtained by beating glycerine with aqueous 
hydrochloric acid of specific gravity 1.185! in autoclaves for fifteen hours at 
120°C. After driving off the water, the excess of hydrochloric acid and some of 
the dichlorohydrine formed, there remains a mixture of about 75 per cent 
monochlorohydrine and 25 per cent unchanged glycerine, from which the 
monochlorohydrine can be recovered by fractional distillation in a vacuum. 
In actual practice the mixture is nitrated direct, giving a mixture of dinitro- 
chlorohydrine and nitroglycerine. 

Example. 100 kg. of dynamite glycerine was mixed at ordinary temper- 
atures with 150 kg. of aqueous hydrochloric acid of a specific gravity 1.18- 
1.19, and heated for fifteen hours in an autoclave at 120°C-, or at a positive 
pressure of 1 atmosphere. The chlorinated material was subjected to frac- 
tionation in a vacuum distillation at 12 to 15 mm. pressure, the water vapor and 
unconsumed hydrochloric acid coming over first. Between 130 to 150°C. the 
monochlorohydrine passed over, and between 165 to 180°C. the unconverted 
glycerine. When used for making nitroglycerine and its mixtures the latter 
distillation, or the separation of the monochlorohydrine from the glycerine, 
is usually omitted. 

According to French patent 370224, issued to the Deutsche Sprengstoff-A.-G., 
the monochlorohydrine is obtained almost exclusively in good yields if glycer- 
ine at ordinary temperatures is agitated with the calculated quantity of sul- 
phur chloride, S a Gl lp or the heavy sulphur chloride is covered by the lighter 
glycerine, and the following reaction induced by gentle beating: 

2(CH 8 OHCHOH^CH»OH) + 2S*C1, = 2{OT«OH-CHOH-CH»CI) 

+ 2HC1 -f SOi + 3S, 

and so regulated by air agitation that the main decomposition takes place at 
50 to 70°C. After some time it is heated to higher temperatures to complete 
the reaction- In this way 80 to 90 per cent of the glycerine used is converted 
into monochlorohydrine directly, the rest consisting of unchanged glycerine, 
with small quantities of dichlorohydrine, which are for the most part removed 
on evaporating the water. Polymerized glycerine, which is easily formed by 
the hydrochloric acid chlorination in an autoclave, and which makes incon- 
venient the purification of the nitroglycerine made from the crude product 
does not appear in this process. After separation of the sulphur formed in the 
reaction, aB well as the resinous products, the separation of which is promoted 
by dilution, the crude product is concentrated in a vacuum, i.e., the water is 
driven off. It forms a brown liquid having a specific gravity of about 1.33, or 
35° B6, somewhat lesB viscous than glycerine, and which is usually nitrated 
directly. By-products of this process are sulphur, sulphur dioxide and hydro- 
chloric acid. The commercial yield amounts to about 110 kg. of chloro- 
hydrine per 100 kg. of glycerine, the theoretical being 120.1 kg. 

According to French patent 352750, issued to the WestfiUisch-Anhaltische 

8 The process was worked out by the Dynamit-A.-G. 
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Sprengstoff-A.-G., hydrochloric acid gas is passed into glycerine warmed to 
70 to 100°C., forming mainly the a-monochlorohydrine, with some #-mono- 
chlorohydrine. After the reaction is complete the chlorohydrine can be 
distilled in vacuo from the unchanged glycerine. 

According to German patents 197308 and 197309, issued to Bohringer and 
Sons, in the manufacture of monochlorohydrine from glycerine and aqueous or 
gaseous hydrochloric acid it is of advantage to add organic acids like glacial 
acetic acid in Bmall quantities, as catalysts to favor the reaction. 

Only the a-monochlorohydrine is formed on boiling epichlorohydrine with 
water: 

CH S CL CH a Cl 

i i 

CH v + HsO - CHOH 

i > i 

CH/ CH*OH 

a process which has no commercial importance, ^-monochlorohydrine is 
formed by the addition of hypochlorous acid to allyl alcohol. 

Pure monochlorohydrine is a water-white, syrupy liquid, very 
slightly aromatic in odor, with a somewhat burning, hitter taste and 
a lower viscosity than glycerine. The time taken for 5 cc, to run out 
of a 10 cc. pipette at 20°C. is as follows: 

Glycerine 13 minutes 

Monochlorohydrine 1 minute 40 seconds 

Dichlorohydrine 8£ seconds 

Water 4$ seconds 

so that the viscosities of water, dichlorohydrine, monochlorohydrine 
and glycerine have the relation of 1 : 2 : 22 : 173. 

Specific gravity of the a-compound 1.338 at 15°C, 

Specific gravity of the 0-compound 1.328 at 15°C. 

Boiling point of the a-compound. 117.5° at 12 mm. 

Boiling point of the a-compound 130° at 18 mm. 

Boiling point of the a-compound 216' at 750 mm. 

Boiling point of the j3-compound 146° at 18 mm, 

Monochlorohydrine is miscible in all proportions with water, alcohol 
and ether. As would be expected from its close relationship to 
glycerine, it is strongly hygroscopic, and absorbs up to 20 per cent 
water from moist air. 

No particular quality specifications are placed on the commercial 
product, aside from the absence of water, hydrochloric acid and 
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glycerine polymerization products, which form emulsions in washing 
the nitroglycerine made from it, and so hinder the separation from 
the wash waters. The explosive plants usually make this product 
themselves at their own plants, and nitrate the concentrated crude 
product without further purification. 

Manufacturing processes. Regarding the manufacturing processes 
little remains to be said on account of the exact analogy to the 
manufacture of nitroglycerine. The required quantity of nitric 
acid is naturally less per unit of weight of monoehlorohydrine than 
in the nitration of equal amounts of glycerine. This naturally 
depends upon the relation between chlorohydrine and glycerine in 
the chlorinated material to be used. 

The evolution of heat is less on account of the smaller quantity of 
water formed per unit of weight of the chlorohydrine. The nitration 
is therefore relatively more rapid. The separation of the explosive 
oil from the spent acid is rapid and sharp, the lower specific gravity 
of the dinitrochlorohydrine as compared to nitroglycerine being of 
considerable influence. However, an after-separation is obtained, 
just as with nitroglycerine. 

On the whole, the manufacture can be considered as less dangerous 
than that of nitroglycerine because the dinitrochlorohydrine is less 
sensitive to shock, friction and heat than the former, and on gentle 
heating shows less tendency toward a violent decomposition. The 
smaller overloading of the molecule by nitric acid radicals makes it 
more stable than the nitroglycerine molecule. 

Example of nitration of pure monoehlorohydrine. One hundred parts 
of monoehlorohydrine were introduced into 450 parts of a mixed acid 
composed of 40 per cent HN0 3 and 60 per cent HaSOj at 10 to 15°C. 
with cooling and agitation. There was obtained 161 parts of neutral 
dinitrochlorohydrine, the theoretical being 181.45 parts, or 89 per 
cent of theory, as well as 360 parts of a spent acid containing 16.6 
per cent HN0 8 , 75 per cent H&O* and 8.4 per cent H 2 0. The 
solubility of dinitrochlorohydrine in this spent acid is very small, 
amounting to only 1.9 parts in 100 parts of the acid. The nitrogen 
content of the dinitrochlorohydrine was 13.86 per cent, the theoretical 
being 13.97 per cent. 

In actual practice the yields obtained with glycerine-chlorohydrine 
mixtures containing 10 to 20 per cent glycerine are 165 to 175 per 
cent of the chlorinated material used. The oil obtained naturally 
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contains a higher per cent of nitroglycerine than the raw material 
does of glycerine. 

Physical and chemical properties. In a pure condition nit.ro- 
chlorohydrine is a water-white liquid with a slightly spiey, aromatic 
odor, less viscous than nitroglycerine. The time taken for 5 cc. to 
run out of a 10 cc. pipette at 20°C. is as follows: 

Water 5.0 seconds, or 100 per cent 

Dinitrochlorohydrine 7.0 seconds, or 155 per cent 

Nitroglycerine 12.5 seconds, or 278 per cent 

The commercial product is usually yellowish or yellowish-brown to 
red-brown in color. DMtrochlorohydrine has a physiological action 
similar to that of nitroglycerine, and like the latter causes headache 
when in contact with the skin. Its specific gravity is 1.541 at 15°. 

The freezing point of the pure 0-form (asymmetrical) is according 
to Kast 7 in agreement with the data given by Will, namely +5°C, 
and that of the 0-form (symmetrical) +16.2°C. according to Will. 

It shows a great tendency toward supercooling, and can be pre- 
served for a long time at about — 20°C. in a freezing mixture without 
any crystallization. Various freezing points have been observed on 
the commercial product. 

Boiling point. The commercial product, containing mainly the 
a-form, boils at ordinary pressures at about 190°C, with considerable 
decomposition and evolution of yellow vapors, and deflagration can 
occur. At a pressure of 13 mm. it boils almost without decomposition 
at 121.5°C., and at 10 mm. at 117.5°C. The distillate has a slightly 
acid reaction to litmus paper. 

Volatility. The volatility of dinitrochlorohydrine is moderate 
although appreciably higher than that of nitroglycerine. The loss 
in weight of 20 g. in a weighing bottle 50 mm. in diameter after 24 
hours was: 



per ceni 

At20°C 0.13 

At75 D C 3.1 

Nitroglycerine at 75°C 0.35 



Rygroscopicity. Dinitrochlorohydrine is not hygroscopic. 
Solubility. IXnitrochlorohydrinc shows about the same solubility 

T Kast. } Spreng- und Zundstofe, p. 173 (1921), "The Freezing Point of Di- 
nitrochlorohydrinD." 
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relations as nitroglycerine, and is readily soluble in ethyl alcohol, 
methyl alcohol, ether, acetone, ethyl acetate, glacial acetic acid, 
chloroform, benzene, nitrobenzene, etc., and very slightly soluble in 
water, dilute acids and alkalies or carbon disulphide, benzene and 
paraffin e oiL 

The solubility in water amounts to 2.3 grams per liter at 15°C. 
according to Will, and is therefore only slightly higher than 
nitroglycerine. 

It is miscible in all proportions with nitroglycerine. The mutual 
solubility is so high even at low temperatures that only very small 
quantities of nitroglycerine can be frozen out of the mixtures at 
winter temperatures, even on seeding with a crystal of nitroglycerine. 
For this reason mixtures of dinitrochlorohydrine and nitroglycerine 
are very suitable for the manufacture of non-freezing or low-freezing 
plastic explosives. Mixtures of 75 per cent nitroglycerine and 25 
per cent dinitrochlorohydrine can be considered as practically non- 
freezing. A mutual lowering of freezing points comes into play, 
the effect of which is reinforced by the very low crystallizing tendency 
of the eutectie mixtures. 

Gelatinizing power. Pure dinitrochlorohydrine has a relatively 
low gelatinizing power on collodion nitrocotton. With gentle heat 
it forms a gelatine of little toughness, from which the oil readily 
exudes. On the other hand, dinitrochlorohydrine containing nitro- 
glycerine forms good, stable gelatines with collodion nitrocotton. 
In practice dinitrochlorohydrine containing nitroglycerine is always 
used in explosives. 

Chemical properties and analysis. Its chemical properties corre- 
spond to its composition as a nitric ester and a chlorine substituted 
product. 

Explosive character. From the chemical formula and thermochem- 
ical relations dinitrochlorohydrine would be expected to be a strong 
explosive. It can decompose according to the following equations: 

CH 2 C1 

| (1) = CO, + 2CO + 2H ! 0 + HC1 + NT, or 

GHONOt 

f (2) = 2CO a + CO + HgO 4- H, + HC1 + N, 

CHxONO, 

two atoms of oxygen, or 19.94 per cent, being lacking for complete 
combustion. With a molecular heat of formation of 87.8 calories 
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the heat of explosion can be calculated, with water as vapor and HCI 
gaseous, and at constant volume as: 

(1) 1004 Calories per kilogram 

(2) 1053 Calories per kilogram 

ana ior water as liquid and HCI gaseous : 

(!) 1098 Calories per kilogram 
(2) 1100 Calories per kilogram 

and with HCI dissolved: 

(1) 1182 Calories per kilogram 

(2) 1184 Calories per kilogram 

The author found about 1140 calories in the bomb calorimeter, a 
value which agrees well with the calculated value, provided that a 
partial solution of the hydrochloric acid in the condensed water is 
assumed. 

From the composition of the gases of explosion both reactions take 
place simultaneously. 

Dinitrochlorohydrine is therefore a powerful explosive, but its 
explosion by heat or mechanical effects is much more difficult to 
bring about than with nitroglycerine, although on the other hand it 
is easily exploded by an initial impulse. 

Behaviour on heating. On heating slowly small quantities in a 
beaker light yellow vapors are given off at 170°C, becoming more 
pronounced above 180°C. Finally all evaporates and decomposes 
without deflagration . On heating rapidly somewhat larger quantities 
a weak deflagration takes place at about 190°C, as with nitroglycerine. 

Ignition. Dinitrochlorohydrine is difficult to ignite. If it, or 
explosives made from it, are ignited they burn comparatively slowly 
and quietly, almost without the characteristic sputtering of the nitro- 
glycerine preparations, and without detonation. Even larger 
quantities of pure dinitrochlorohydrine in tin cans burn without 
explosion when in a fire, so that liquid dinitrochlorohydrine is per- 
mitted on German railroads in tin cans holding 25 kg., as a safe 
explosive for limited freight service in the 200 kg. class, 8 while 
liquid nitroglycerine is absolutely excluded. As regards chemical 
stability it surpasses nitroglycerine appreciably. The reaction with 

• Supplement C of the German Railroad Regulations (1911), pp. 52 and ,56. 
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potassium iodide-starch paper in the Abel test at 72°C. occurs after 
thirty minutes, but the heat test at 75°C. in a loosely covered weigh- 
ing bottle is much longer than with nitroglycerine. An acid reaction 
occurs after ten to twelve days, and only after eighteen to twenty 
days do the samples decompose completely and give off yellow vapors. 

Behaviour toward shock, Dinitrochlorohydrine is relatively in- 
sensitive to shock, very much more so than nitroglycerine, which is 
closely related to it as regards energy content and therefore gives an 
interesting comparison. This is partly due to its low viscosity, 
which permits it to be spread out in thin layers and soften the shock, 9 
while dinitroglycerine is more viscous than nitroglycerine, and in 
spite of its appreciably lower energy content is almost as sensitive as 
the latter. 

Kast 10 with liquid dinitrochlorohydrine obtained a drop of 10 to 
20 cm. of the 2 kg. weight (liquid nitroglycerine gave 4 cm.), with 
the 10 kg. weight 8 to 10 cm. (liquid nitroglycerine 2 cm.). When 
mixed with kieselguhr these figures became 15 to 30 cm. and 6 to 8 
em., respectively (guhr dynamite with nitroglycerine gave 8 cm. and 
2 cm., respectively), but he stated that while nitroglycerine detonated 
with a sharp report, dinitrochlorohydrine ignited only in part and 
with a slight report. Likewise guhr dynamite made from dini- 
trochlorohydrine gave a much weaker report under the falling weight 
test that when made from nitroglycerine. From the determination 
made by Will the sensitiveness to shock of the various samples differs 
somewhat with the degree of purity, but is always less than with 
nitroglycerine. He gives the sensitiveness limit with the 2 kg. 
weight as 35 to 80 cm. The author found values agreeing with Will 
when using a chemically pure dinitrochlorohydrine with a 2 kg. 
weight, namely, from 40 cm. up very slight partial decomposition and 
slight report, from 75 cm. up a somewhat more violent partial de- 
flagration but in no ease a sharp report, and even with the 10 kg. 
weight at 10 to 15 cm. a very weak partial decomposition. 

When gelatinized with 7 per cent collodion nitrocotton pure dinitro- 
chlorohydrine is still more insensitive, so that its low viscosity cannot 
be the only cause of its great insensitiveness to shock. 

Dinitrochlorohydrine retains a relatively high degree of safety in 
handling, even when mixed with small amounts of nitroglycerine, for 

0 Kast., Sprang- und Zundstoffe, p. 171 (1921). 
" Kast., Sprang- und Zundstofe, p. 171 (1921). 
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example, 10 to 20 per cent, so that explosive mixtures containing 
dinitrochlorohydrine with up to 5 per cent of the total composed of 
nitroglycerine are permitted on German railroads without restriction. 

Detonation by initiation; sensitiveness; explosive effect. Dinitro- 
chlorohydrine, due to its low viscosity, which propagates the wave of 
detonation relatively easily through the liquid, is very sensitive to an 
initial impulse, and develops a high strength even with the weakest 
blasting cap, a No. 1 . Ten grams of it in the Trauzl lead block under 
water tamping give: 

ce. 

With a Number 1 cap 380 

With a Number 8 cap. 475 

so that a No. 1. cap gives 80 per cent of the effectiveness of a No. 8 
cap, while with nitroglycerine this ratio is 32: 100. 

With an expansion of 475 cc. dinitrochlorohydrine gives 79 per cent 
of the expansion given by nitroglycerine, which is 600 cc, while the 
heats of explosion, or energy contents, are 1140 and 1595 Calories 
respectively, or as 71.4:100. The velocity of detonation of liquid 
dinitrochlorohydrine in small quantities and under slight confine- 
ment must be greater than that of nitroglycerine. 11 

Crusher effect. In the Hess crusher test 100 grams of liquid 
dinitrochlorohydrine in a sheet metal container crushed a 65 mm. 
high lead block 17.5 mm. Dinitroglycerine compressed it 21 mm. 
The crushing effects of dinitrochlorohydrine and of dinitroglycerine 
are therefore as 83.3:100, that is, nearly in the ratio of the heats of 
explosion, 87.5:100. Dinitroglycerine has 1304 Calories, dinitro- 
chlorohydrine 1140 Calories, the average of the two theoretically 
possible explosion equations. 

Velocity of detonation. In explosive mixtures pure dinitrochloro- 
hydrine gives lower velocities of detonation than nitroglycerine. 
The mixtures of the two in practical explosives give velocities which 
are not much below those given by pure nitroglycerine explosives. 
(See table 7.) 

The non-freezing explosives in which 20 to 30 per cent of the nitro- 
glycerine is replaced by dinitrochlorohydrine show no appreciable 

11 This is true only of small quantities and light confinement. With a 
greater diameter and strong confinement, nitroglycerine can develop a very 
high velocity of detonation, which is not attained by dinitrochlorohydrine. 
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reduction in strength as compared to those made from pure nitro- 
glycerine. The figures given for the various comparisons of nitro- 
glycerine deviate somewhat from one another. This is because they 
were determined at various times with various lead blocks. Values 
are only comparable if obtained simultaneously with lead blocks 
made from the same melt, which fact has been taken into considera- 
tion in determining the figures for the different esters. 

TABLE 7 

Explosive action of mixtures (lead block expansion) 



OF 


IN lh PER CENT 
QUHJ4 
DTHAMITB 


m92 peb cent 

BLABTING 
GELATINE 


JM 65 PKHCINT 

GELATINE 
DTK AM 1TB 




CC, 


CC. 


CC. 




240* 


440f 


325J 




305* 


560f 


390 1 


Nitroglycerine containing 20 per cent 










300 


540 


380 


Nitroglycerine containing 30 per cent 










295 


515 


375 



Heat of explosion, 71.4:100. 

* 80:100. 

178.5:100. 

$83:100. 



Monochlorohydrine mononitrate (mononitrochlorokydrine) 



I 

CHiCl 

CHOH 
I 

CH 2 ON0 2 



II 

CHaCI 

I 

CHONO, 



CH,OH 



III 

CHaONO, 

J 

OH CI 
CH a OH 



Monochlorohydrine mononitrate is to be considered as the inter- 
mediate product in the formation of dinitrochlorohydrine from 
monochlorohydrine, and the above three isomeric forms are possible. 

It is obtained by adding monochlorohydrine to a moderate amount 
of nitric acid, for example three times its weight of 80 per cent HNOa, 
diluting with water, neutralizing and extracting with ether. The 
isomers 1 and 2, as well as dinitrochlorohydrine are also formed by 
the action of nitric acid on epiehlorohydrine. It is a colorless oil. 



MIXttO EXPLOSIVE GLYCERINE ESTERS 



191 



more viscous than dinitrochlorohydrine, and more easily soluble in 
water on account of the presence of an hydroxyl group. At a pres- 
sure of 10 mm. it distills at 110 to 115 D C. without decomposition. It 
gelatinizes collodion nitrocotton when warm. 

Its nitrogen content is 9 per cent. It does not detonate under the 
falling weight, but in spite of its strongly negative oxygen balance of 
—46.3 per cent it can be given an explosive decomposition by initia- 
tion under certain conditions . It is of no importance in the explosive 
art. 

Dichlorohydrine nitrate (nilrodichlorohydrine) 



I 

CHiCl 
I 

CHONO, 
I 

CHsCl 



or 



n 

CH 2 CI 

CHC1 
I 

CHiONOt 



Even this product, which is formed by a smooth reaction from the 
two dichlorohydrines which boil at ordinary pressures at 174°C. 
(symmetrical) and 182 to 183 °C. (asymmetrical), by esterification 
with mixed acids or strong nitric acid, has been proposed as a means 
of reducing the freezing point of nitroglycerine explosives, in spite of 
its very low explosive strength and unfavorable properties. 12 

Its low viscosity, poor gelatinizing powers, and consequent easy 
exudation, high volatility, high chlorine content and low explosive 
strength are serious disadvantages as compared to dinitrochloro- 
hydrine, and it has no particular advantages. It may have found a 
practical application in mixtures with dimtrochlorohydrine. Noth- 
ing is known regarding its use as a sole addition to nitroglycerine 
explosives. 

Preparation. One hundred grams of dichlorohydrine was put 
into 200 grams of a mixture of 40 per cent HN0 3 and 60 per cent 
HjSO< with cooling, although the development of heat is only slight. 
The ester soon separated on the surface of the liquid, and was collected 
and neutralized just like nitroglycerine or dinitrochlorohydrine. 
The yield was 127.5 grams, or 94.4 per cent of theory (134.9 grams). 
The nitrogen content by nitrometer was 8.00 per cent, calculated 
8.05 per cent. The calculated chlorine content was 40.81 per cent. 



" British patent 17801 (1906), and German patent 197404 (1905). 
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Properties. Nitrodichlorohydrine is a water-white, very mobile 
liquid, very similar to dimtrochlorohydrine but having a pronounced 
spiey, aromatic odor, less viscous and more volatile than the latter. 

Viscosity. The time required for 5 cc. to run out of a 10 cc. 
pipette at 20 °C. was: 

tzoondg 

Nitroglycerine... 12.5 

Din it ro chl or o hy dr Ine 7.0 

Nitrodichlorohydrine 5.0 

Water 4.5 

Volatility. The loss of weight of 20 grams in twenty-four hours 
in an open glass 50 mm. in diameter is shown in table 8. The 
specific gravity at 15°C. is 1.45. It distils without decomposition 
at 88°C. under 15 mm. pressure, but at ordinary pressures at 176°C, 



TABLE 8 

Loss of weight of SO grams of nitroglycerine in twenty-four hours 





NITROD1CHLOBO 
HTDRINB 


DXHTTKOCXLORO- 


NITRO- 
GLYCERINE 


At 75°C 


per cent 

14.5 
2.6 


per cent 

3.1 
0.13 


jmt cent 

0.35 
0.00 


At 2o» c : 





with slight decomposition, yellow coloration and evolution of nitrous 
vapors. On heating it splits off nitrous acid at 170 to 180°C, and 
the liquid volatilizes in small quantities without deflagration. 

Chemical stability. On account of the slight degree of loading of 
the molecule with nitric groups its chemical stability is very high. 
It can be stored in a loosely covered weighing glass at 75°C. for many 
days without decomposition. It is insoluble in water, but on the 
other hand it is dissolved by the same solvents as dissolve nitro- 
glycerine, and it mixes with nitroglycerine. 

Gelatinizing 'powers. Nitrodichlorohydrine does not gelatinize 
collodion nitrocotton and therefore tends to cause exudation from 
gelatinized explosives. 

Explosive character. It is absolutely insensitive to shock, and 
stands at the limit of explosibility, since an explosive decomposition 
can hardly be effected even by initiation. In a liquid condition it is 
not exploded by a No. 8 cap in the lead block with water tamping, 
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merely giving a partial decomposition and evolution of carbon with- 
out any expansion of the block. 

On the other hand, 10 grams of it, mixed with 3 grams of kieselguhr 
to form a moist powder, gives a slight explosion in the lead block with 
a No. 8 cap, and feu expansion of 75 cc. net, from which 30 cc. must 
be deducted to allow for the action of the cap itself. Hydrochloric 
acid and phosgene are among the products of explosion. 

Nitrodichlorohydrine lacks 41.4 per cent oxygen for complete com- 
bustion to C0 2 , HzO, HC1 and N a . If a decomposition according to 
the equation: 



2CH s a-CH0NO i CH I a = 6CO + 4HC1 + 3H, +N, 



or 



= 4CO + 2HjO 4- 4HC1 + C + H 2 + N s 



is assumed, this reaction has a positive heat of 259 or 440 Calories 13 
per kilogram, with water as vapor and at constant volume and thus 
can theoretically be explosive. The molecular heat of formation is 
81.9 Calories. However, the sensitiveness is extraordinarily low, 
the liquid nature of the material contributing. On the other hand, 
compare the behaviour of ethyl nitrate, which in spite of its appre- 
ciably lower oxygen balance of —61.54 per cent, can be detonated 
with brisance even when liquid. 

ACETYLDINITROC3LYCERINE (dINITROACETIn) 

This is the product of acetylation of dinitroglycerine, or the nitric 
ester of glycerine monoacetin : 



CH*ONO a 

! 

CHOCOCH, 
f 

CH 2 < 



CH,ON0 4 
I 

or CHOKOs 
I 

CHsOCOCH, 

and belongs to the explosive nitric esters of glycerine which have been 
proposed as addition agents to lower the freezing point of nitrogly- 
cerine." It has the advantage over dinitroglycerine in being insolu- 

13 Or 495 Calories per kilogram with water as liquid. 

14 Z. Schiess- u. Sprengstoffw. (1907), p. 21; Dr. ^szio Vendor, "Ueber 
praktisch ungefricrbare Pulver und Sprengstoffe," VI Internat. Kongress 
angew. Chem., Home (1906), II. 582. 
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ble in water, but as compared to dmitrochlorohydrine it has the 
disadvantage of expensive manufacture and low explosive strength. 
For this reason it reduces the brisance of nitroglycerine preparations 
containing it to a considerable extent. Moreover, since its ability 
to form eutectic mixtures with nitroglycerine which will not freeze is 
very slight, much smaller than that of dinitrochlorohydrine, it seems 
to have found very little application. The product was used under 
the name of nitroacetin or nitroformin (formyldinitroglyccrine, 
which see) for the manufacture of dynamite and blasting gelatine 
by the Societa Italiana di prodotti esplodenti ( loc. cit.). 

Preparation. 1. From glycerine monoacetate and mixed acid. lb 
According to Vender the nitration of monaeetin by ordinary mixed 
acid, as in the manufacture of nitroglycerine, gives mainly nitro- 
glycerine in very poor yields and only a small amount of nitroacetin. 
On the other hand, mixed acids containing considerably more nitric 
acid than sulphuric acid give pure nitroacetin. 

Example. One hundred parts of monoacetin were put into a 
mixture of 250 parts of nitric acid of a specific gravity of 1.51 and 
62.5 parts of oleum containing 25 per cent free S0 3 at a temperature 
not exceeding 25 n C. The charge was poured into water, the oil 
washed with first cold, then warm 70 f»er cent soda solution, and 
about 159 parts of dinitroacctin obtained, a yield of 95 per cent of 

theory, which is 167.2 parts. 

From dinitroglycerine and acetic anhydride. Dinitroacetin can 
also be obtained by acetylation of dinitroglycerine with an excess of 
acetic anhydride by heating a mixture of one part of dinitroglycerine 
with three parts of acetic anhydride for four to six hours in boiling 
water, driving off the excess of acetic anhydride in a vacuum at 40 to 
50°C, treating the oil obtained with a warm soda solution and finally 
with water, some unchanged dinitroglycerine being obtained at the 
same time. 

The theoretical yield is 123.1 parts of dinitroacetin from 100 parts 
of dinitroglycerine. The actual yield obtained was about 91) per 
cent of theory. The nitrogen content by nitrometer was 12.40 per 
cent, the calculated being 12.50 per cent. This latter process can 
only be considered for use in the laboratory. 

» According to Dr. V. Vender, loc. cit., also German patent 209943 (1906); 
British patent 9791 (1906); French patent 372267 (1906); Swiss patent 50836 
(1910) ; United States patent 1029519 (1912). 
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Properties. In a pure condition dinitroacetin is a colorless and 
odorless oil, having a specific gravity of 1.412 at 15°C. according to 
the author, 1.45 to 15°C. according to Vender {loc. cit.) which does 
not freeze even at — 20°C., and boils under 15 mm. pressure at 147°C, 
but not without some decomposition. 

Volatility. The volatility is less than that of dinitrochlorohydrine, 
but somewhat higher than that of nitroglycerine and dinitroglycerine. 
The loss of weight in twenty-four hours at 75°C. was 1.4 per cent. 

Viscosity. Dinitroacctin is less viscous than dinitroglycerine, but 
somewhat more so than nitroglycerine. The time taken for 5 cc. to 
run out of a 10 cc. pipette at 20°C. was : 

Kconds 

Nitroglycerine 12.5 

Dinitroacetin 15.5 

Dinitroglycerine 26.0 

Solubility. It is insoluble in water, but dissolves easily in alcohol, 
ether, acetone, and concentrated nitric acid, and is miscible in all 
proportions with nitroglycerine, which makes it capable of producing 
low-freezing explosive oil mixtures with the latter. 

Gelatinizing powers. Dinitroacetin gelatinizes collodion nitrocot- 
ton, and even gun cotton, at room temperatures. 



Explosive character; Exphsive effects 

Acetyldinitroglycerine (dinitroacetin) lacks six atoms of oxygen 
per molecule for complete combustion, or 100 parts by weight lack 
42.86 parts of oxygen, so that its oxygen deficiency is 42.86 per cent. 
However, it has considerable explosive strength, decomposing accord- 
ing to the following equation : 

2(G i H£!lJ) s ) = 3CO, + 7CO + 3H 2 0 + 5H S + 2N 2 

giving a heat of explosion of 657 Calories per kilogram with water as 
vapor and at constant volume. 16 The molecular heat of formation is 
165.6 Calories. It is therefore far below dinitroglycerine and dinitro- 
chlorohydrine, and as compared to the latter has the advantage of 
producing gases on explosion which contain no hydrochloric acid. 
Its energy content is only 44.7 per cent of that of nitroglycerine. 
Moreover its sensitiveness to an initial impulse is only slight. 

" Or 715 CalorieB per kilogram with water as a liquid. 
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According to determinations by the author 10 grams of it as a liquid 
in the lead block with a No. 8 cap gave only about 200 cc. net expan- 
sion, which is low in comparison to the energy content of 657 Calories. 
The value of 450 cc. given by Vender apparently refers to a product 
containing nitroglycerine, because it is not in agreement with the 
energy content and viscosity of the product. 

On slow heating in a glass tube decomposition begins at 160°C, 
with a yellow coloration and evolution of nitrous vapors. At 170 to 

TABLE 9 

Sensitiveness of bieselguhr mixtures 
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Replacement of nitroglycerine by dinilroacetin to reduce hrisanee 
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100 


275 
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1 80°C. a vigorous decomposition sets in. When heated rapidly on 
platinum foU it ignites and burns rapidly with very slight deflagration. 

Stability. The stability of the product obtained by acetylation of 
dioitroglycerine and stabilized in the usual way is less than that of 
nitroglycerine. The Abel test reaction occurs in about ten minutes. 
At 75°C. the oil is acid after twenty-four hours and shows slight, 
yellow vapors. 

It is very insensitive toward shock, and in this respect does not 
differ appreciably from dmitrochlorohydrine. 

Explosive action in mixtures. In a gelatinized condition dinitro- 
acctin is even more insensitive than when a liquid. A gelatine con- 
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taining 92 per cent dinitroacetin and 8 per cent collodion nitrocotton 
gave only about 145 cc. net expansion in the lead block, while nitro- 
glycerine gave 570 cc. On the other hand, kicselguhr mixtures show 
a higher sensitiveness, as is shown by table 9. Correspondingly the 
brisance of nitroglycerine explosives containing a 20 per cent replace- 
ment of nitroglycerine by dinitroacetin to render them low-freezing 
is not much reduced. (Sec table 10.) Similar relations exist for 
gelatine dynamite and blasting gelatine. 

FORMYLDINITROGLYCERINE (DINITROFORMIN) 

This explosive glycerine ester, like dinitroacetin, was proposed 
by the Italian Dr. Vezio Vender as an addition to nitroglycerine to 
make non-freezing oil mixtures. 17 Although its structural formula 
shows it to surpass dinitroacetin in explosive strength, on account 
of its rather high cost of manufacture it has attained hardly any 
commercial importance. Vender made it from oxalic acid. Gly- 
cerine monoformin is formed from glycerine and oxalic acid according 
to the following equation : 

CH*OH COOH CH.OCIIO 
I I I 

CHOH + COOH = CHOH + IW> + CO s 

I I 

CHiOH CH 2 OH 

(92) (90) (120) (18) (44) 

Therefore about 1 part of anhydrous oxalic acid is required for 1 part 
of glycerine to form monoformin. Vender heated a mixture of 2 
parts of glycerine with 1 part of anhydrous oxalic acid first to 100°C, 
then for twenty hours at 140 to 150°C, and nitrated the resulting 
product directly with mixed acid. The oil, washed with dilute soda 
solutions, is a mixture of 70 per cent nitroglycerine and 30 per cent 
dinitroformin. It can be used directly to make, non-freezing explo- 
sives. Dinitroformin does not appear to have as yet been isolated 
in a pure state. 

Explosive Character. Dinitroformin lacks only 3 atoms of oxygen 
per molecule for complete combustion. Its oxygen balance is there- 
fore —22.9 per cent. On explosive decomposition according to the 
following equation : 



17 



Sec preceding chapter. 



1 

■ 
I 
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CH*OCHO 



CIIONO* = 2COj 4- 2C0 +2H,0 + H 3 + N, 



CH,ONOa 



CHAPTER XVI 





The Nitric Ester of Polymerized Glycerine 



TETR ANITR 0 DIGLYCER I N E 



acid to 130 to 160°O., the anhydride formation depending upon the 
amount of acid present and the time of heating. The mixture ob- 
tained, containing glycerine, diglycerine and polyglycerine, was then 
nitrated to produce a low-freezing explosive oil. 

On testing out this process Will, 1 by using 0.5 to 5 parts of sul- 
phuric acid per 100 parts of glycerine, obtained a mixture strongly 
contaminated with by-products, which on nitration gave an explosive 

oil which could not be purified. 

Will and Stohrer 2 polymerized glycerine by boiling gently at 290 
to 296°C. for seven to eight hours without adding any acid, taking 
care that the water formed distilled off, while the components boiling 
higher were condensed and returned. Later it was found that small 
additions, e.g., about 0.5 per cent of alkalies, soda or alkali sulphides 
catalytically favored the splitting of water and formation of the 

polymerization products. 

In thiB way up to 60 per cent of the glycerine was converted to 

diglycerine : 



and only small quantities of polyglycerine were formed, e.g., 4 to 6 
per cent, depending upon the heating. 
The product obtained was then nitrated or previously mixed with 

1 Z. Schiess- und Sprengetoffw. (1906), p. 231. 
* Z. Schiess- und Sprengatoffw. (1906), p. 231. 
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sufficient glycerine so that on nitration it would give an oil with a 
sufficiently high content of tetranitrodiglycerinc : 

CH t — O — CH a 

I I 
CHONO* CHONO, 

I J 
CH 2 ONO, CH,ON0 s 

to reduce the freezing point correspondingly. 3 Mixtures of 70 to 80 
per cent nitroglycerine and 30 to 20 per cent tetranitrodiglycerine can 
be considered as practically non-freezing. 

According to Will even a content of 20 to 25 per cent diglyccrine in 
the glycerine prevents the freezing of explosive oils obtained from 
such mixtures at winter temperatures in Germany. 

Will separated the polymerized mixture by fractional distillation 
at 8 to 10 mm. pressure, the unchanged glycerine passing over be- 
tween 160 to 220°C, the diglycerine at 220 to 270°C, and the higher 
polymers above 270°. 

Diglycerine. This is obtained in a pure state by repeated distilla- 
tion in a vacuum. It is a water- white, very viscous, sweet-tasting 
and very hygroscopic liquid, easily soluble in water, boiling at 245 to 
250°C. under 8 mm. pressure without decomposition, having a 
specific gravity of 1.33 as compared to 1.26 for glycerine. The 
viscosity is about eleven times that of glycerine. 

Manufacture of tetranitrodiglycerine 

Diglycerine can be readily nitrated by mixed acids, just like glycer- 
ine, the nitration requiring a quantity of nitric acid like that required 
to form dinitroglycerine from glycerine. 

The nitration requires a somewhat smaller quantity of the same 
mixed acid than the nitration of glycerine. The diglycerine is 
warmed up to about 50 to 60°C. to reduce its viscosity somewhat. 
The separation is slower than with nitroglycerine. Common salt 
solutions are used for the stabilization, to prevent emulsions which 
form readily. The washed product retains moisture rather firmly 
and is more difficult to obtain dry than is nitroglycerine. 

YieUs. From 100 parts of diglycerine about 168 parts of tctra- 

1 German patent 181754 (1906), and British patent 6314 (1906). 



THE NITRIC ESTER OF POLYMERIZED GLYCERINE 



201 



nitrodiglycerine, or 81 per cent of theory, (208.4 per cent), is obtained. 
The nitrogen content in the nitrometer is 15.98 per cent, the cal- 
culated being 16.18 per cent. 

Properties. Tetranitrodiglycerinc is a very thick oil, insoluble 
in water and not hygroscopic. It dissolves readily in alcohol, ether, 
and other organic solvents. Up to the present time it has never been 

crystallized by cooling. 

Gelatinizing 'powers. The gelatinizing powers of pure tetranitro- 
diglycerine on collodion nitrocotton arc insufficient for practical 
purposes, but its mixtures with nitroglycerine, while gelatinizing more 
slowly than nitroglycerine alone, nevertheless give satisfactory 
gelatines. 

Explosive diameter. Tetranitrodiglycerine behaves like nitro- 
glycerine and explodes readily by shock or initiation. It is some- 



TABLE 11 



Expansion 

Ratio 

Energy content ratio 



76 PER CENT 
NTTBOGLTCHR- 

JNS ODER 
DYNjUHTK 




75 PERCENT 
TBTRAN1TWODI- 
OLYOEKINE 

GT7HR 
DVNAMITB 



274.0 
85.6 
85.9 



what less sensitive to shock than nitroglycerine, and about the same 
as dinitroglycerine. Under the 2 kg. weight explosion occurs at 8 
to 10 cm. 

The molecule lacks 4 atoms of oxygen for complete combustion. 
The oxygen balance is therefore —18.5 per cent, as compared to 
dinitroglycerine with —17.6 per cent. On explosive decomposition 
according to the following equation: 

C*H lD N 4 0„ = 3C0 2 + 3C0 + 4H s O 4- H s + 2N„ 

or = 2CO s 4- 4 CO + 5H 2 0 4- 2N, 

the heats of explosion amount to 1371 and 1370 respectively per 
kilogram with water liquid and at constant volume, assuming a 
molecular heat of formation of 165.1 Calories for tetranitroglycerine. 
(See table 11.) This is almost a perfect agreement. 
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Practical importance. Tetranitrodiglycerine, or its mixtures with 
nitroglycerine, have the advantage over dinitrochlorohydrine of 
forming gases on explosion which are free from hydrochloric acid, 
over dinitroglycerine the advantage of insolubility in water, but on 
the other hand the safety in handling is not appreciably higher than 
that of nitroglycerine. The simple manufacture of the raw material, 
the glycerine-diglycerine mixture, by the mere heating of glycerine, 

is an advantage. 

However, appreciable practical difficulties were encountered at 
first. The separation and purification of the diglycerine is difficult 
and expensive on aecount of the high vacuum and high temperatures 
required. Steam distillation, as with glycerine, is not allowable. 

On the other hand, the original polymerization products contain 
most of the impurities which cause the formation of emulsions and 
a slow separation of the oil from the wash waters in direct nitration, 
separation and stabilization. These troubles can be reduced by 
the use of salt solutions in the stabilizing washes. 4 The commercial 
nitration is rendered difficult by the greater viscosity of the glycerine- 
diglycerine mixture. 

In Germany for these reasons the process has been very little used 
on a commercial scale, and has not been able to overcome the com- 
petition of the easily produced dinitrochlorohydrine. In the 
United States the process seems to have been used for some time. 5 

* These troubles are not merely reduced, but completely avoided by the 
use of salt solutions in washing. The use of mich salt solutions is universal 
in the United States for tetranitrodiglycerine and has been since it was in- 
troduced. — Translator. 

6 For about fourteen yearB to a large extent. — Translator. 
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The Homologous Nitric Esters 

methyl nitrate 

CH 3 ONO, 

Of the nitric esters of the primary alcohols of the fatty series, 
methyl nitrate is theoretically the most important on account of its 
high explosive properties and high energy content, which is on a par 
with nitroglycerine, to which it is stochiometrically related very 
closely, as can be seen from table 12. Practically, it has had no 
importance as an explosive up to the present time on account of its 
great volatility, as well as on account of the danger from fire or 
explosion of the liquid or vapors in increasing the risk in commercial 

manufacture or use. 
According to Meycr-Jakobsen it has been made commercially for 

some time for use in the dye industry for methylation, but on account 
of several disastrous explosions its manufacture was given up. 

Preparation. 1 Methyl nitrate, like ethyl nitrate, can be obtained 
by careful distillation of the proper alcohol with moderately strong 
nitric acid, e.g., of a specific gravity of 1 .4. It can also be obtained, 
like nitroglycerine and nitroglycol, by putting the alcohol into a 
mixture of concentrated nitric and sulphuric acids, with good yields, 
while ethyl alcohol and other mono- and polyvalent alcohols con- 
taining methyl or methylene groups readily undergo oxidation in 
such a case. 

Example. One hundred grams of pure, anhydrous methyl alcohol 
was added gradually to 630 grams of a mixed acid containing 40 per 
cent HNOa and 60 per cent HjSOj, contained in a spherical glass 
vessel having three openings for a stirrer, thermometer and inlet, 
the mixture being well cooled, mechanically stirred and maintained 
at 0 to 10°C, the operation taking twenty-five minutes. Agitation 
by compressed air is out of the question on account of the volatility of 
the ester. The ester separated rapidly in a funnel It was digested 

i BeiUdein, IV. Auflage I, p. 284. 
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with cold water and then neutralized with a soda solution. There 
was obtained 196 grams of neutral methyl nitrate, or 81.5 per cent of 
theory (240.6 grams). 

Properties. Methyl nitrate is a colorless, very mobile liquid of a 
high volatility and strongly aromatic odor, somewhat resembling 
chloroform. The vapors cause headache when inhaled. It is some- 
what less viscous than water, and has a specific gravity of 1.21 at 
15°C. At ordinary pressures it distils at 65°C. without decomposi- 
tion. Water dissolves it only slightly at room temperatures. One 
hundred cubic centimeters of water at 20°C. dissolve 3.85 grains of 
methyl nitrate. Collodion nitrocotton is dissolved, forming a 
gelatine, from which the methyl nitrate evaporates very easily. 



TABLE 12 

Relation of methyl nitrate to nitroglycerine 





METHYL XITRATE 


NmtOGLTCERISE 




77 


227 




Composition: 

C 


■per cent 

15.6 
3.9 
02.3 
18.2 


per cent 

15.86 

2.20 
63.44 
18.50 


H 


0 

N 




100.0 


100.0 



Explosive character. The thcrmochemical relations of methyl 
nitrate have already been determined by Berthelot. 2 The explosive 
decomposition is possibly along the line of the following equations: 

1. 2(CH 3 ONO i ) = C0 2 + CO + 3H,0 -f N, 

2. 2(01130X0*) = 2CO* + -f LT 2 + K, 

The molecule lacks one atom of oxygen for complete combustion. 
The oxygen balance is therefore — 10.39 per cent. 

Based on a molecular heat of formation of 39.6 Calories for methyl 
nitrate Berthelot calculated for 1 kg. of this material at constant 

s Berthelot; JSw la force des maiieres explosives; also Berthelot; Ann. chim. 
et df physique, 6, p. 556 (1SS5), and 23, p. 485 (1891). 
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volume and with water liquid a heat of explosion of 1609 Calorics 
according to Formula 1, and 1616 Calories according to Formula 2. 
Methyl nitrate has therefore a somewhat higher energy content than 
nitroglycerine (1595 Calories), and this makes itself evident also 
by a slightly higher explosive action. When shot in the lead block 
with water tamping : 

10 grams methyl nitrate gives. . . 615 cc. expansion 

10 grams nitroglycerine gives 600 cc. expansion 

The expansions are as 102.5:100. The heats of explosion are as 
101.0 : 100, or a satisfactory agreement. 

When mixed with kieselguhr or gelatinized with collodion nitro- 
cotton it shows about the same explosive effect on the lead block as 
nitroglycerine, namely 320 and 565 cc. 

Sensitiveness. Methyl nitrate is extremely sensitive to an initiat- 
ing impulse, and when shot with a No. 1 cap under water tamping, it 
gives approximately the same effect as with a No. 8 cap, in contrast 
to nitroglycerine, which is more difficult to detonate. 

Methyl Nitrate Nitroglycerins 

Blasting cap No. 1.. 520 cc. (84.5 per cent) 190 cc. (32 per cent) 
Blasting cap No. 8.. 615 cc. (100 per cent) 590 cc. (100 per cent) 

or after deducting 30 cc. for the No. 8, and 5 cc. for the No. 1 cap: 

Blasting cap No. 1... 515 cc. (88 per cent) 185 cc. (33 per cent) 
Blasting cap No. 8... 585 cc. (100 per cent) 560 cc. (100 per cent) 

The crusher test also shows similar relations, which were obtained 
with 100 grams of the liquid in a sheet lead shell with walls 1 mm. 
thick, tamped by thin cork plates, i.e., under slight confinement : 

Melbvl Nitrate Nilroaiycol Nitroglycerine 

Compression 24.5 mm. 30 mm. 18.5 mm. 

The lower viscosities of methyl nitrate and nitroglycol as compared to 
nitroglycerine give higher velocities of detonation with the first two, 
even with a weak confinement. 

The sensitiveness also is evidenced by a flame causing detonation 
even in a narrow space. A small amount of methyl nitrate in a 
beaker, when ignited by fuse containing a black powder core, some- 
times gives a puff and destruction of the glass into large pieces, 
sometimes a brisant detonation and pulverizing of the glass to a fine 
powder. 
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In an open dish methyl nitrate ignites immediately when in contact 
with a flame, and burns quietly with a large, non-luminous flame. 
The vapors puff readily on ignition, and on heating them to 150°C. 
they explode. Methyl nitrate is also sensitive to shock, although 
less so than nitroglycerine and nitroglycol. Under a 2 kg. weight 
it explodes at a drop of 40 cm. Even when mixed with kieselguhr it 
is appreciably less sensitive than nitroglycerine. 

Velocity of detonation. The velocity of detonation was determined 
by Berthelot* at very small diameters. In glass tubes 3 mm. in 
diameter and 1 mm. wall thickness he found 1890 meters per second, 
and with 4.5 mm. wall thickness 2480 meters. Nitroglycerine gives 
only about 1500 meters per second at such small diameters. It is 
indeed probable that methyl nitrate at larger diameters such as 30 to 
40 mm. would give velocities of detonation of far higher magnitudes, 
such as 6000 to 8000 m/s. 

ETHYL NITRATE 

CHrCHjONO, 

The nitric ester of ethyl alcohol is also counted among the powerful 
explosives which can decompose with brisant effects in spite of its 
strongly negative oxygen balance of -61.5 per cent. Since it is 
readily volatile, like methyl nitrate, and has a smaller energy content 
than the latter, it has been of no imporatnee as a practical explosive, 
but, is of theoretical interest because with it there can be easily 
observed the phenomenon of the wave of detonation passing through 
an explosive with far more difficulty when it is in the liquid state 
than if converted into a powder. 

Preparation. One hundred grams of cold nitric acid having a specific grav- 
ity of 1 .41, freed from nitrous acid by treating with a few grams of urea to elim- 
inate the last traces, is added to 75 grams of absolute alcohol. Then about 
ono-half is distilled off on a water bath, and a mixture of 200 grams of the same 
nitric acid and 150 grams of absolute aicohol and some urea is added drop by 
drop as the liquid distils. A mixture of ethyl nitrate and alcohol comes over. 
This is treated with water, the separated ester neutralized by a dilute soda 
solution, dried and rectified. 4 The yield is about 35 per cent of theory (198 



* Ann. chim. el de physique, XXIII pp. 485-503, 1891. 
i Beihtein, Handbuch, IV, Auflage, Bd. I, p. 329. 
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per cent of the alcohol). On bringing together ethyl alcohol and highly 
concentrated nitric acid or mixed acid a violent oxidation occurs, even with 
the best of cooling. 

Properties. Kthyl nitrate is a pleasant smelling, colorless, very 
volatile liquid, having a boiling point of 87°C. 5 and a specific gravity 
of 1.12 at 15°C. It is very slightly soluble in water, mixes with 
alcohol and ether, and gelatinizes collodion nitrocotton. When 
ignited it burns quietly with a white light. 

Explosive character. The molecule lacks 3| atoms of oxygen for 
complete combustion to carbon dioxide, water and nitrogen, or the 
oxygen balance is —61.5 per cent. However, a thermochemical 
calculation of the nature of ethyl nitrate shows that it is a brisant 
explosive of no inconsiderable energy content. 

With a decomposition according to the following equation; 

2(CII, CH 2 ONO J ) = 4CO + 2H 2 0 -f 3H 2 -1- Na 

the heat of explosion with a molecular heat of formation of 48.5 
Calories 5 can be calculated as 712.6 Calorics per kilogram for constant 
volume and water as vapor, or 816.3 Calories per kilogram for con- 
stant volume and water as a liquid, which is about one-half that of 
nitroglycerine (1485 or 1595 Calories). 

Correspondingly, under the action of an initiating impulse this 
compound proves a brisant explosive. The lead block expansion of 
10 grams of ethyl nitrate with a No. 8 copper cap was : 



ce. 



In a glass tube tamped with sand 325 

Under water tamping 345 

Nitroglycerine, water tamping 590 

The fact that the lead block expansion is comparatively high as 
compared to nitroglycerine (58:100) and also as compared to the 
energy contents (48:100) is apparently because ethyl nitrate, as a 
result of its low viscosity, has a higher initial velocity of detonation 
than nitroglycerine. In other words, small quantities of the less 
viscous ester may detonate at higher velocities than small quantities 
of the more viscous ones. It is known that the velocity of detonation 

affects the lead block test. 

In any case the sensitiveness of the liquid ethyl nitrate is already 

5 Brunswig, Explosivstoffe (1909), p. 5; Berthelot, Annuaire du bureau des 
longitudes [1904), p. 723. 
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so low that without tamping or confinement it will not detonate 
under the influence of a No, 8 cap. On the other hand, a brisant 
detonation takes place without confinement as soon as the liquid is 
mixed with kieselguhr and so brought into a powdery state : 

mm. 

In paper shell, no tamping 15 

Ethyl nitrate 60 grama 1 In a sheet lead shell, lightly closed by 
Kieselguhr 40 grams/ thin cork wads , 19 

These data point to a velocity of detonation of a magnitude of 
6000 to 7000 meters per second. The conditions given are, therefore, 
of a special importance because in the literature a special inertness 
to detonation has been aseribed 5 to the aliphatic nitric esters as 
compared to the rather easy detonation of the violently explosive 
nitrobodies of the aromatic scries. Stettbacher is inclined to ascribe 
these apparent differences of sensitiveness to differences in the 
chemical constitution, ascribing 8 to the benzene ring an appreciably 
higher predisposition toward explosive decomposition than to the 
open aliphatic chains. In this he compares crystal powders or 
solid bodies (nitrocompounds) with liquids, and neglects the fact 
that the wave of detonation propagates through liquids with much 
more difficulty. Tests under the same conditions of aggregation 
show that the state influences greatly the propagation of the detonat- 
ing wave, and that the chemical structure of the molecule plays only 
a subordinate role. ? 

NORMAL PROPYL NITRATE 

CHrCHrCIIsONO, 

Propyl nitrate is of theoretical importance because it makes 
apparent even more clearly the relations mentioned under ethyl 
nitrate, and will therefore be considered briefly. 

Preparation. It is prepared like ethyl nitrate. Twenty-five grams of a 
nitric acid of a specific gravity of 1.41 is mixed with 3 grams of urea and 15 
grams of normal propyl alcohol, and carefully distilled over a free flame. As 
the liquid passes over, a mixture of 50 cc. of nitric acid and 50 cc. of propyl 
alcohol and 1 gram of urea is dropped in, and distilled until im a C. is reached. 

* Stettbacher, Z. Schiess- «. Sprengstoffw. (1919), p. 22. 
1 Naotim, Z. Schiess- u. Sprengstotfw. (1920), p. 5. 
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The distillate, amounting to about 110 cc, consists of two layers, the lower 
amounting to about 40 cc. and is dilute nitric acid, the upper amounting to 
about 70 cc, is the ester and unreacted alcohol. The solution is salted out 
with common salt, giving about 51 grams of the ester, or 53 per cent of theory 
{175 per cent of the alcohol). 

Properties. Pleasant ethereal odor, volatile, boiling at 11 0.5° and 
having a specific gravity of 1.06 at 15°C. 

Explosive character. Thermochemical calculation gives, with a 
molecular heat of formation of 56.3 Calories, a heat of explosion of 
549 Calories per kilogram with water as vapor and at constant volume, 
and in spite of the high negative oxygen balance of —99 per cent, 
predicts an explosive decomposition, assuming the following 
equation : 

2(CH,CH a CH 2 ONO I ) = 4CO 4- 2C + 2H,0 + 5H 4 + N, 

Even ammonium nitrate with only 375 Calories per kilogram shows' 
as is known, a brisant decomposition under a powerful initiation and 
an expansion of 200 cc. The liquid propyl nitrate, however, will not 
detonate in the lead block under water tamping. Ten grains of it 
with a No. 8 cap give 45 cc, or only 15 cc. more than the cap alone. 
On the other hand there is a violent detonation and a loud report and 
230 cc. expansion if 10 grams of it and 4 grams of kieselguhr are 
intimately mixed to a fine powder and exploded by a No. 8 cap under 
sand tamping. 

Therefore propyl nitrate can also detonate, and under certain 
conditions can assume the character of a brisant explosive. A certain 
parallel exists between it and the aromatic nitrocompound dinitro- 
benzene, which with a very similar negative oxygen balance of —95 
per cent can likewise detonate with a high brisancc and give a similar 
lead block expansion of 250 cc. The energy contents of propyl 
nitrate and nitroglycerine are as 37 : 100, the expansions as 40 : 100, 
an approximate agreement. 

ISOPROPYL NITRATE 

CH,CHONO S CH 3 

Isopropyl alcohol has been made recently in large quantities by 
the catalytic reduction of acetone. 8 The isopropyl nitrate obtained 

8 And also from the gases from oil cracking stills.— Translator. 
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from it has hardly attained any importance as a commercial explosive 
component on account of its volatility and low explosive strength. 
Previously it had been made only by a double decomposition of 
isopropyl iodide and silver nitrate. It boils at 101 to 102°C. a Its 
preparation by direct esterification with concentrated nitric acid, 
mixed acid, or even by nitric of a specific gravity of 1.4, with which 
ethyl alcohol or normal propyl alcohol can be easily esterified, is 
impossible, because in the secondary position the hydroxyl group is 
subject to oxidation very readily by the nitric acid. 



NTTROGLYCOL (ETHYLENE GLYCOL DINITRATE) 



CHjONOr CH.OKO, 



The next relative of nitroglycerine among the nitric esters is 
ethylene glycol dinitrate, abbreviated "nitroglycol," similarly to the 



TABLE 13 

Chemical composition of nitroglycerine and nitroglycol 



C 

H, 
O. 
N. 



NITEOG1TCEISINE 

per cent 

15.86 
2.20 
63.44 
IS. 50 



NirRor.Lvcor 



per ctnt 

15.79 
2.63 
63 16 

18.42 



commonly used term "nitroglycerine." The great similarity in 
chemical composition as shown by the comparison given in table 1 3 
corresponds to a great similarity in all their explosive properties, as 
well as in others. Although it is just as powerful an explosive and 
far less dangerous to handle than nitroglycerine, up to the present 
time it has been little considered and used as an explosive for valid 
economic reasons. While nitroglycerine is obtaiucd from glycerine, 
a by-product of the large soap and fat industries, or from a raw 
material offered by nature in enormous amounts in oils and fats and 
which finds a mass consumption only in the explosive and powder 
industries, glycol, the raw material of nitroglycol, does not occur in 

9 Beilstein, Handbuch, 4 Auflage, p. 363; Silva, Ann., 154, p. 256. 
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nature and must be first built up by several stages of synthesis from 
alcohol or ethylene, which is naturally rather expensive, particularly 
as toward the end of the synthesis, i.e., after saponification of the 
ethylene chloride it is then only in a condition similar to glycerine on 
splitting or saponification of natural fats, namely as a dilute liquor. 
It must then be subjected to the same manufacturing stages of 
concentration, salt separation, rectification, etc., as the glycerine 

liquors. 

Nitroglycol has only one appreciable disadvantage as compared to 
nitroglycerine, namely a higher volatility, which naturally increases 
its physiological disadvantages. This can be partly overcome by 
corresponding ventilation devices during manufacture. For gelatine 
dynamite this higher volatility plays no appreciable role, at least 
not in the temperate zone. On the other hand, in explosive mixtures 
containing small amounts of nitroglycerine, such as ammonium 
nitrate explosives with 4 per cent of oil, replacement of nitroglycerine 
by nitroglycol has not proved satisfactory in the warm periods of the 
year. Also nitroglycol is hardly suited for use in smokeless powder, 
because its volatility, even at ordinary temperatures, does not ensure 
a sufficient st ability of the ballistic properties of the powder. 

On the other hand nitroglycol shows various overwhelming ad- 
vantages over nitroglycerine, such as less tendency toward decomposi- 
tion during manufacture and consequently greater safety, appre- 
ciably less sensitiveness to shock both alone and in explosive mixtures, 
non-freezing powers, and finally a certain although not large superi- 
ority in brisance. 

The first statements in the literature regarding nitroglycol are in 
German patent 179789 (1904), according to which it was to be used 
as an addition to nitroglycerine explosives to prevent freezing, and 
further in English patent 12770 (1912), and in Man. Poudres et 
Saljdtres, XVI, 73, and XVII, 175 (1912 and 1914). However, at 
that time there appeared to have been no commercial manufacture of 
nitroglycol nor any practical application of it. 

Only the method of preparation by saponification of ethylene 
bromide by alkali carbonates was known, which naturally could not 
be considered for a commercial process on account of the high cost 
of bromine and its high atomic weight, which increased considerably 
the quantit y of salt to be separated. 

The scarcity of glycerine in Germany due to the World War turned 
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attention to nitroglycol as a possible substitute for nitroglycerine, 
and all methods of preparing it were thoroughly studied. The com- 
mercial process of synthesis of glycol from alcohol via ethylene and 
ethylene chloride was therefore developed, and during the war many 
thousands of kilos of glycol were produced, mainly by the firm of 
Th. Goldschmidt in Essen, and furnished the explosive industry. 
It was nitrated to nitroglycol, partly as such and partly in mixtures 
with nitroglycerine as a completely equivalent substitute for the latter 
in mining explosives. 

Manufacture of glycol 

(a) Preparation of ethylene. The most simple preparation of ethyl- 
ene in the laboratory is by heating alcohol in definite proportions with 
sulphuric acid of certain concentrations. By using a 90 per cent 
sulphuric acid and a 90 per cent alcohol ethylene can be produced in 
a regular stream at a yield of 84 to 85 per cent of theory. 

A part of the alcohol, about 6 per cent, is converted into carbon, 
which remains in the residual sulphuric acid as flakes and renders its 
treatment and recovery difficult. For this reason only the pjTOgenic 
decomposition of alcohol by passing alcohol vapors over aluminium 
oxide at something above 350°C. has been used for the commercial 
production of ethylene. 10 - 11 

The economy of the glycol synthesis is considerably improved if 
the expensive alcohol can be avoided and cheaper raw materials used 
as the source of ethylene. According to recent processes the car- 
bonization of lignite or lignite t ar gives a gas rich in defines, contain- 
ing up to 25 per cent ethylene, which can be separated from the other 
constituents by fractional condensation. 12 

Attempts have also been made to remove the 4 to 5 per cent ethyl- 
ene contained in illuminating gas by adding chlorine to it, forming 
ethylene chloride. Since substitution of chlorine, as well as addition, 
takes place readily the gas plants have not been ready to plaee their 
illuminating gas at the disposal of such a process of removal of the 
ethylene because of the danger of contaminating the illuminating gas 
with traces of hydrochloric acid. 

w Ber, 36 (1894); also German patent 298931. 

11 In the United States ethylene is manufactured on the large scale bypass- 
ing alcohol vapor over coke wet with phosphoric acid in towers. The yield 
is high and there is no charring. — E. E. It. 

"German patent 369368. 
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.hi?" of Ethylene adds on gaseous 

chlorine with great ease. It is essential for the production oHL 
purest possible ethylene chloride that the chlorine be allowed to 2 
ways act upon an excess of the ethylene, the excess of ethylene being 
returned to the process after removal of the ethylene chloride by 
strong cooling. Otherwise substitution takes place, and theXlene 
chloride is strongly contaminated with higher boiling compounds 

^ 1C VT ethane ' h ° mn * ^ ^ tetrachlor^hane CH 
ChCCla . boding point 135° and CHCVCHC1,, boiling point 147? 
The boiling point of ethylene chloride is 84°C * 

If an excess of ethylene is used, a product is obtained at a 90 per 
cent yi eld of which 95 r*r cent passes over between 80 and 100°C 
and by far the greater part at about 85°C. Of the 80 to 100« fraction 
85 per cent can be shown to be pure ethylene chloride by saponified 
^ ° f • - Thus ^-n with a deficiency of d^JS^L 
s n 0t abso utely avoided, while by the action of an excess of brom ine 
th^ is oniy an addition, i.e., only ethylene bromide is formed 

Unfortunately for the yields the presence of moisture is injurious 
Apparently moist chlorine aets as an oxidizer very readily, ZZ- 
products are formed by the oxidation of ethylene. 7 For I s^n 
he gases are allowed to react in a dry state one upon the other, 3 

E such Salt t S ° lutl0DS - ™*« Br**, Certain contact 

itx:LzT^ e supporting diviM ™ 

JoJJTT^ SCalG ethyIene dichl ° ride has P^ccd 

Z r h^n II T ^ ^ 3 t0 * V ° lumes of » P-ed 

rZZ tl * ° F ^ CM0Hde Spread out °» eooli ^ c°fo to 
Sdiut^n ^r mU the / th ^ ne formed beLg sepa- 

to^d ! to Z % Unco ™^ ethylene again re- 

CfUde Pr0duct » by fractional 

distillation « Its boiling point is 84°C. 

J'Lf^^ 071 - t '/ hylene ***** 10 ***** Free Dalies split 

CHQ -^R " C T fi ^ 6thylenC Chl ° ride ' ^1 chloride, 

o£p, Y\J \T ^ y acet y lene " 0n mild saponification, on the 
otto hand, with carbonates or still better biearbonates, and corre- 



See also Austrian patent 88625 
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sponding dilution, the halogen is exchanged for hydroxyl, and glycol 

is obtained at a good yield. 

According to German patents 299074 (1916) and 369502 (1913) 
issued to Oscar Matter, the Th. Goldschmidt A.-G. produced con- 
siderable amounts of glycol during the World War. 

99 parts ethylene chloride {I molecule) require for saponification 
106 parts sodium carbonate (1 molecule) or 

168 parts Bodium bicarbonate (2 molecules) and give theoretically 
62 parts glycol. 

To produce 100 parts of glycol theoretically 159.7 parts of ethylene chloride 
are required. The weaker the carbonate solution and the weaker its alkalin- 
ity the more the reaction goes toward the formation of glycol and the better 
the yields. An amount of water 15 to 20 times that of the ethylene chloride 
has been found best. For the same reasons the weaker bicarlxmate alkali 
gives better yields, but has the economic disadvantage that two molecules, or 
a considerably larger quantity of a more expensive reagent, are required, and 
two molecules of carbon dioxide are produced, increasing the autoclave 
pressure. 

Lead oxide, cadmium hydroxide and calcium carbonate have proved to be 
good saponifying agents, lead oxide having the advantage of allowing the 
glycol solution to be easily separated from the insoluble lead chloride and 
load oxyehloride. Zinc oxide and magnesia are unsuitable because the cor- 
responding chlorides hydrolyze easily, and their solutions act chemically upon 
the glycol. The insoluble saponifying agents, in addition to the advantage 
of low alkalinity, have the disadvantage of requiring agitation in the autoclave, 
for prompt saponification, and the autoclaves are very difficult to keep tight 
at high pressures. Absolutely tight autoclaves are necessary to avoid loss 

of ethylene chloride. 

Saponification of ethylene chloride to glycol is possible with large quantities 
of water alone, without any alkali, under pressure at corresponding tempera- 
tures. However, the acid set free reacts at the temperatures in question to 
form aldehyde (CHsOH-CHaOH-IW) - CH 3 CHO) and croton aldehyde 
(2CII1CHO-H2O = CHa CH:CH-CIIO) and affects the yields. 

Glycol ijields with different saponifying agents and without agitation 

j*sr ce.nl of 
theory 

Lead oxide or hydroxide 65 

Cadmium hydroxide ^ 

Magnesium hydroxide 30 

Barium carbonate ^ 

Calcium carbonate 67 

Potassium carbonate 71 

Sodium carbonate ^ 

Sodium bicarbonate 86 

On account of its somewhat higher alkalinity potassium carbonate acts some- 
what less favorably than sodium carlionate. 
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According to Matter an amount of water 15 to 20 times the quan- 
tity of ethylene chloride is taken and the whole saponified in an 
autoclave at 130 to 140°C. High temperatures favor the reaction. 
Too high temperatures cause side reactions and formation of resins. 
Preferably only a part of the quantity of carbonate required for 
saponification is added at first, and the consumed carbonate replaced 
by sodium hydroxide as the carbonate is used up, the sodium hydrox- 



TABLE 14 

Saponification of ethyl chloride and alkali 





KTHTLEKE CHLORITE 




ALKAJJ 


EXCESS OF 
ALKALI 


CONCENTRA- 
TION or 
ALKALI 


1 


240 grams 
2 X 120 grams 


1,200 cc. 
10 times 


283 grams 
2 X 141.5 grams 
NajCO, 


per cent 

10 1 


10.6 


2 


150 grams 
2 X 75 grams 


1,500 cc. 
20 times 


280 grams 
2 X 140 grams 
NaHCO, 


10 


8.5 



TL'Kii 



TIME OF HEATING 



150 



160 



48 hours 
2 X 24 hours 



28 hours 
4X7 hours 



MAXIMUM 
I'KKSSUUE 
I X ATMOS- 
PHEUES 



38.0 



40.5 
27.0 
41.0 
30.0 



GLYCOL 



prams 

122 2 



.7 



PER CENT 
OF TIIbOKT 



81.3 



86.0 



CONCENTRA- 
TION" or 
GLYCOL 
BOLCTIOJT 

per cent 

9 



idc forming new carbonate with the carbon dioxide present and thus 
reducing the excessive pressures in the autoclave to more moderate 
pressures. 

Since there was a scarcity of caustic alkali during the war the 
total quantity of soda was added at first and the carbonic acid 
exhausted from time to time in order to operate at moderate pressures. 
The uoconverted ethylene dichloridc blown out with the carbon 
dioxide was recovered in absorption towers. 
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Examples of autoclave saponification in a 2-liter copper autoclave, 
placed in an oil bath. In order to obtain as high a strength of glyeol 
solution as possible for further operations after the saponification a 
second amount of ethylene chloride and alkali were added to the 
common salt-glycol solutions and the saponification carried out in 
two stages. When using the bicarbonate the carbon dioxide was 
occasionally released when 40 atmospheres was reached, and the heat- 
ing then continued. (See table 14.) 

(d) Recovery of the glycol. The working up of the sodium chloride- 
glycol solutions obtained is similar to that of the recovery of distilled 
glycerine from soap lye, the only difference being that very little 
impurities are encountered if too high saponification temperatures 
and too high alkali concentrations are avoided. The concentration 
is done in a vacuum in the same apparatus as that in which soap lyes 
are concentrated. Ordinary pressures are out of the question because 
in such a case considerable glycol would be lost with the steam. 

The salt is separated in stages, drained or centrifuged and covered 
with water to wash out any retained glycol, and the washings returned 
to the concentration. 

After removal of the main quantity of salt the concentrated glycol, 
still containing salt, is distilled in a vacuum. It passes over at 110°C. 
in a high vacuum. 

If an excess of alkali carbonate is used it must be exactly neutra- 
lized before the final distillation, because at the temperature of 
distillation it forms glycolates, which retain a part of the glycol in 
the. still. 

CH,OH CHsONa 
| + NasCO, = | + EW) + 00, 

CH 2 OH CH 2 ONa 

The loss of glycol in the concentration and salt separation does not 
amount to more than 2 per cent of the total quantity present, with 
careful operation. It can be determined exactly by extracting from 
the separated salt by methyl alcohol. 1 * 

Properties of glycol 

Glycol is a colorless, very sweet tasting, somewhat syrupy liquid 
having a specific gravity of 1.1160 at 15°C. (with water at 4°C). It 

" United StateB patent 1402317 (1922), saponification by soda in 85 per cent 
alcohol with sodium acetate as catalyst at 125 to 175°C. under presBure. 
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is more viscous than water but considerably less so than glycerine. 
The time taken for 5 cc. to run out of a 10 cc. pipette at 20°C. is : 

llr seconds 

Water ^ g 

G1 y co1 a*« 

Monochlorohydrine ^00 q 

Glycerine ^ " [['. '. '. '. '. ] [ 780 0 

Under ordinary pressure it boils without decomposition at 194°C. 
(197.5°-E. E. R), in the vacuum of a water jet pump at about 110°C, 
and is somewhat volatile at ordinary temperatures. The presence 
of small quantities of water reduces the boiling point appreciably and 
considerable quantities of glycol pass over with the water vapor until 
a constant boiling point is reached. It crystallizes on strong cooling 
and melts at -11.5°C. 

Glycol is difficultly soluble in ether but mixes in all proportions with 
methyl alcohol, alcohol and water, and like glycerine it is hygroscopic. 
In moist, air it absorbes up to 60 per cent of water. 

It dissolves calcium hydroxide and caustic alkalies very easily, 
forming glycolates. 

Tests on glycol 

The explosive plants require a purity of at least 97 per cent glyeol. 
The glycol content can be determined by oxidation with bichromate, 
like glycerine. Since the distillate obtained is usually very pure and 
contains no appreciable quantities of impurities other than water, a 
determination of the specific gravity is usually sufficient to determine 
its purity. For glycol contents between 90 and 100 per cent the 
following table of specific gravities at 25°C, with water at 4°C., can 
be used: 



1.1023 specific gravity at 
1.1030 specific gravity at 

1 . 1038 specific gravity at 
1 . 1045 specific gravity at 
1 1052 specific gravity at 
1.1060 specific gravity at 
1 . 1067 specific gravity at 
1.1074 specific gravity at 
1.1081 specific gravity at 

1.1039 specific gravity at 
1.1096 specific gravity at 



25°C. = 90 per cent glycol 

25°C. = 91 per cent glycol 

25°C. = 92 per cent glyeol 

25°C. = 93 per cent glycol 

25°C. = 94 per cent glycol 

25^. = 95 per cent glyeol 

25°C. = 96 per cent glycol 

25 D C. = 97 per cent glycol 

25*C = 98 per cent glycol 

25°C. = 99 per cent glycol 

25°C. = 100 per cent glyeol 
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In other respects glycol is tested in about the same way as dynamite 
glycerine. 

Direct determination of water in pure glycol. On account of the high 
volatility of the glycol the water cannot be determined as simply as in the case 
of glycerine. Heating is not permissible. Even in a desiccator the water is 
given up only slowly, even to a strong dehydrating agent like P s Ob. The de- 
termination is made as follows: The aqueous glycol is subjected to distillation, 
the boiling point rising gradually until it reaches a constant and anhydrous 
glycol passes over. The preliminary distillate contains all the water, Tor 
example 10 per cent of the total quantity, is placed in a thin layer in a desic- 
cator over P2O5 and weighed daily until the loss of weight becomes constant. 
The loss of weight then corresponds to the quantity of glycol evaporated per 
day. The total reduction, diminished by the product of the number of days 
and the quantity of glycol lost per day, gives the quantity of water contained 
in the originally distilled total glycol. The determination is exact, but on 
account of the time taken is only used for Bpecial purposes and not for control. 

Test nitration. A test nitration is used to judge the suitability of 
glycol intended for nit rat ion. This is carried out in exactly the same 
manner, with the same apparatus and with the same mixed aeids as 
in the test nitration of glycerine. One hundred grams of anhydrous 
glycol with 625 grams of mixed acid (40 per cent HN0 3 , 60 per cent 
H2SO4) at 10 to 12°C. as the temperature of nitration, yield 222 
grams, at 29 to 30°C. temperature of nitration 218 grams of neutral 
drjr nitroglycol, or with 500 grams of a mixed acid containing 50 per 
cent HNOg, 50 per cent H 2 S0 4 at 10 to 12°C. the yield is 229 per cent 
dry nitroglycol from anhydrous glycol. 

Manufacture of nitroglycol. The most favorable nitrating con- 
ditions for glycol are the same as for nitroglycerine, as would be 
expected from the close chemical relationship and very similar 
stochiometrical relations of both alcohols. 

100 parts glycol require for nitration 203.2 parts HNOs 
100 parts glycerine require for nitration 205.4 parts HXO» 
100 parts glycol give 245.2 parts nitroglycol and 58.1 of HiO 
100 parts glycerine give 246.7 part-B nitroglycerine and of HiO 

The commercial manufacture of nitroglycol is carried out in the 
same plant and with the same apparatus as nitroglycerine. More- 
over, the composition and quantities of the mixed acid can be the 
same. The same can be said of the separat ion and washing, so that 
there is hardly anything in particular to be said regarding the manu- 
facture of nitroglycol. 
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The quantity of heat set free in the nitration of glycol is slightly 
higher than in the nitration of glycerine, according to experimental 
determinations made by the Zentralstelle fur wi s sens chaftiich- tech - 
nische Untersuchungcn, Ncubabelsberg, a difference which is of no 
importance in practice. The lower viscosity of the glycol makes any 
preheating of it superfluous, and the low freezing point permits of 
maintaining lower nitrating temperatures, for example by artificially 
cooled brine, without fear of crystallization in the nitrator, which has 
a favorable effect upon the yields. In washing it is best not to use 
too high temperatures or too long periods of washing with compressed 
air, on account of the volatility of the glycol. Avoidance of too large 
amounts of wash water is even more important than in the case of 
nitroglycerine, since nitroglycol is appreciably more soluble in water. 
The solubility in spent acids is about the same as nitroglycerine. 

Yields. The maximum yields obtained from 100 kg. anhydrous 
glycol and 625 kg. of mixed acid containing 58 per cent H2SO4, 41 
per cent HNG 3 and 1 per cent H 2 0 to 100 kg. of glycol were : 

222.2 kg. nitroglycol, Nitrating at 10 to 12°C, or 

218.3 kg. nitroglycol, Nitrating at 20 to 30 o C., 

or in the best case 90.6 per cent of theory, as compared to 93.6 per 
cent with nitroglycerine. With 500 kg. of mixed acid containing 
50 per cent HNO, and 50 per cent H a S0 4 100 kg. glycol give 229 
kg. nitroglycol (93.4 per cent of theory). 

Tendency toward decomposition. The tendency of acid nitroglycol 
to decompose, with spontaneous saponification and evolution of 
nitrous acid, is less than with nitroglycerine under the same con- 
ditions. The following comparative tests show this. A charge of 
100 grams of nitroglycol was left in a scparatory funnel loosely covered 
with a glass plate for seventy-two hours in a cool place. Nitro- 
glycerine was treated similarly. The quantities and compositions 
of the mixed acids, and the temperatures of nitration had been the 
same in both cases. After one day the oils became dark yellow and 
the separator above them filled with yellow vapors. After three days 
the nitroglycerine became green, a sign that considerable quantities of 
nitrous acid had formed, and the red vapor evolved was appreciably 
more than in the case of the nitroglycol. On neutralization of the 
oils there remained 204 grams of nitroglycol {218 grams was obtained 
before such treatment) and only 150 grams of nitroglycerine (225 
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grams before treatment), and on washing considerable slime was 
formed. Thus under the same conditions only 14 grams of nitrogly- 
eol as compared to 75 grams of nitroglycerine had decomposed. 

A certain parallel is also afforded by the fact that neutral nitro- 
glycoi also shows a higher stability on long heating than does neutral 
nitroglycerine. 

Direct 'production of nitroglycol from ethylene. In recent times 
patents by the Chemische Fabrik Kalk, G. m. b. H., in Koln-Kalk, 
and Dr. H. Oehme, have described a process of preparing nitroglycol 
by the direct action of mixed acid on gaseous ethylene. Even 
Kekul6 15 obtained an oil having a specific gravity of 1 .47 by passing 
ethylene into a mixture of concentrated nitric acid and sulphuric 
acid, which on distillation in a current of steam broke down into 
glycollic acid, oxalic acid, NO and HNOjfor the greater part, but he 
did not explain the ehemical nature of the product. Since on reduc- 
tion with caustic alkali solutions and sodium amalgam glycol and 
ammonia were formed among other things, it was suspected that it 
consisted in part of nitroglycol. 

Wieland and Sakellarios 15 first distilled the oil with steam and then 
fractionated in a vacuum, obtaining nitroglycol and /3-nitroethyl 
nitrate. The nitroglycol passed over at 105°O. under 19 mm. pres- 
sure, the nitroethyl nitrate at 120 to 122°C, under 17 mm. Nitro- 
ethyl nitrate was also obtained by the direct action of mixed acid on 
j3-nitroethyl alcohol. It has a weak acid character, and dissolves in 
cold caustic alkali solutions, giving a yellow color. If the Kckule 
oil is distilled slowly in a current of steam a product is obtained con- 
sisting of about 80 per cent nitroglycol, from which the nitroethyl 
nitrate can be removed by shaking with very dilute caustic alkali, 
leaving pure nitroglycol. 

The action of mixed acid on ethylene can be represented as follows : 

L CH 2 CHzNO* CH 4 NO, 

H + HNO, | + HNOj - | +HiO 

CH S CHsOH CHjONOi 

Nitroethyl Nitroethyl 
Alcohol Nitrate 



l * Ber., 2, p. 329. 
18 Ber. (1920), p. 201 
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II. CH 3 
II 

CH, 



+ IIsO 



CH s ONO 
+ ZtlKOg = j 

CH 2 ONOs 

Glycol nitrite-nitrate 



CH.ONO 
I 

CH,ONO. 



4- UNO, = 



CHsONOx 
I 

CH s ON0 4 + HN0 2 
Nitroglycol. 



Both reactions take place simultaneously. The second, in which the 
glycol nitrite-nitrate is formed and in which a third molecule of 
nitric acid drives out nitrous acid, explains the rather high content of 
nitrous acid in the spent acid. 

The crude Kekul6 oil, when freed from admixed and dissolved acid 
by washing with water, contains about 40 to 50 per cent nitroglycol 
and 40 to 50 per cent nitroethyl nitrate. 

Nitroglycol contains 18.42 per cent nitrogen, which is split off completely 
in the nitrometer as NO. Nitroethyl nitrate contains 20.59 per cent nitrogen, 
of which 10.29 per cent ia split off in the nitrometer as primary nitrogen. The 
Kekule oil on analysis gives 19.5 to 19.17 per cent total nitrogen and 13.5 to 
14.3 per cent primary nitrogen. 

As would be expected from its composition this mixture is a highly 
brisant explosive, equalling nitroglycerine and nitroglycol in explosive 
strength. It is formed in considerable quantities when a current of 
dry ethylene is passed through a concentrated mixture of nitric and 
huric acids, the latter being constantly shaken or mechanically 
stirred. According to German patent 310789 (1918) a mixed acid 
containing about 32 per cent HN0 3 is used. The yield amounts to 
350 per cent of the gas absorbed (theoretically 543 per cent for nitro- 
glycol, 486 per cent for nitroethyl nitrate) composed of 40 per cent 
nitroglycol and 60 per cent nitroethyl nitrate, or about 70 per cent of 
the theoretical yield. 

According to the same patent the washed oil is converted into a 
powder by taking it up in absorbents like kieselguhr or gelatinized 
with nitrocotton to form gelatinous explosives, just like nitroglycerine. 

Direct separation of the oil from the spent acids accounts for only 
two-thirds of the total oil. The spent acids still contain about 8 to 
10 per cent of their weight in solution, which according to German 
patents 349349 and 360455 can be largely separated by adding ammo- 
Tn£i salts such as ammonium sulphate or nitrate, or after a certain 
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dilution, by sodium salts such as sodium sulphate, bisulphato or 
nitrate. The oil can be completely separated from the spent acids 
only by the aid of organic solvents like chloroform or ethylene 
chloride. 

The oil when merely separated from the mineral acids does not 
have a sufficient stability for use in commercial explosives. The 
nitroethyl nitrate has a weak acid character, and under the action of 
gentle heat suffers a gradual decomposition or saponification, splitting 
off nitrous acid, and under certain conditions undergoing violent 
fuming. 

A simple method of formation of nitroglycol from the crude product 
of the treatment of ethylene by mixed acids is described in German 
patent application C. 29462 (July 7, 1920) published May 31, 1923. 17 
Here the crude oil is treated with steam, i.e., slowly distilled with 
steam or better digested with water at 80 to 90°C. until the nitrocom- 
pounds it contains are almost completely converted into products 
soluble in water. The undissolved portion is separated, neutralized, 
and consists of almost pure nitroglycol. From 100 parts of crude oil 
about 40 parts of nitroglycol are obtained. The so-called acid waste 
waters contain, in addition to nitric acid, organic acids as valuable 
by-products. 

According to application C. 31535, Decern ber 27, 1921, published 
July 23, 1923, 13 the neutralization of the crude oil after treatment with 
hot water is done by neutral sodium sulphite, in order to avoid the 
formation of emulsions which occur when strong alkalies arc used. 
If necessary a further stabilizing treatment is given with alkalies 
after the sulphite treatment. 

The economy of the process depends upon a cheap source of ethyl- 
ene, 19 and upon the possibility of recovering valuable by-products 
from the destroyed nitroethyl nitrate. 

Nitration of ethylene oxide. According to German patent 376000, 
(1920) ethylene oxide is passed into concentrated nitric acid, and 
after saturating the latter with the gas sulphuric acid is added, 
separating out an oil containing at least 16 per cent nitrogen by 
nitrometer determination and consisting mainly of glycol dinitratc 
and polymerization products of nitrated ethylene oxide. 

17 German patent 384 107. 
1S German patent 386GS7. 
" German patent 369368. 
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According to German patent 377268 (1920) this oil is stabilized 
by treatment with steam or hot water. 

The ethylene oxide is obtained from chlorohydrinc, which is pre- 
pared by treating ethylene with solutioas of hypochlorous acid. 
Nothing is known regarding the economy and yields with this 
process. 

Properties of nitroglycol. Nitroglycol is a water-white, slightly 
syrupy liquid, having a specific gravity of 1.496 at 15°C. it is there- 
fore somewhat lighter than nitroglycerine, which is 1.60. The 
viscosity is considerably less than that of nitroglycerine. The time 
taken for 5 cc. to run out of a 10 cc. pipette at 20°C. is: 

Water 4 5 seconds (100) 

Nitroglycol 5.0 seconds (111) 

Nitroglycerine 12.5 seconds (278) 

The freezing point has not yet been determined. It cannot be 
crystallized by immersing in a mixture of ice and salt, not even when 
mixed with kicselguhr. Nitroglycol explosives do not freeze at 
ordinary winter temperatures. 

Nitroglycol cannot be distilled at ordinary pressures without 
decomposition, but it is easily volatile in a current of steam, more so 
than nitroglycerine. In the vacuum of a water jet pump it boils at 
about 95°C. without decomposition. 

Volatility. Nitroglycol is appreciably volatile even at ordinary 
temperatures, and considerably so at a gentle heat. The loss in 
weight of about 15 grams in an open glass dish 65 mm. diameter and 
40 mm. high was: 

1. At 20 n C. after 24 hours, 0.14 per cent; after 12 days, 2.06 per cent 
At 20°C. after 48 hours, 0.37 per cent ; after 30 days, 6.91 per cent 
At 20 a C. after Iweek, 1.63 per cent; after 6 months, 47,0 percent 
At 35°C. after 24 hours, 3.6 per cent; after 12 days, 46.6 per cent 
At 35 D C. after 48 hours, 8.1 per cent; after 20 days, 68.5 percent 
At 35°C. after 1 week, 21 .7 per cent; after 40 days, 100.0 per cent 

From a powdery explosive containing 5 per cent liquid nitroglycol, stored in 
an open dish in a thin layer at room temperature, more than one-half of the 
nitroglycol present had evaporated in twelve days, and almost all of it in five 
weeks. This was due to the large surface exposed- From a eartridge of the 
same explosive lying in the open, in waxed paper shells, only 2 per cent evap- 
orated in twelve days, and only 12 per cent in two months. After 6 months 
only about one-half was left. 
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At 30 to o5°C. alx)ut 30 per cent of the nitroglycol had evaporated in 12 
days, in four weeks about onn-half, from filled cartridges. On the other 
hand, when the cartridges were packed in the ordinary way in a tight box only 
10 per cent hari evaporated after two months at room temperatures. 

When the box was stored at 36°C., 14 per cent of the nitroglycol had evap- 
orated after two months, and 40 per cent after six months. 

Hygroscopicity . Nitroglycol has no more greater hygroscopicity 
than nitroglycerine. 

Solubility. Nitroglycol is readily soluble in alcohol, ether, chloro- 
form, acetone, benzene, toluene and nitrobenzene, but on the other 
hand only slightly soluble in carbon tetrachloride and benzine. The 
solubility relations of nitroglycol are not essentially different from 
those of nitroglycerine, aside from its solubility in water. The 
solubility in water is : 

At 15°C. I liter of water dissolves 6.2 grams nitroglycol 
At 20°C. 1 liter of water dissolves 6.8 grams nitroglycol 
At 50°C. 1 liter of water dissolves 0.2 grams nitroglycol 
At 20°C. 1 liter of water dissolves 1.8 grams nitroglycerine 

The solubility in water is therefore appreciable and must be taken into 
consideration in all operations. 

Gelatinizing powers. Nitroglycol gelatinizes nitrocotton much 
faster than docs nitroglycerine. Gelatinization takes place in a short 
time even at ordinary temperatures, while with nitroglycerine heat 
must be used. 

Chemical -properties. On heating with free alkalies nitroglycol is 
saponified, like nitroglycerine. With alcoholic potassium hydroxide 
it reacts violently and forms potassium nitrate and glyeolate. 

Physiological properties. Nitroglycol causes headache, just like 
nitroglycerine. On account of its volatility its effects on the work- 
men are more violent than those of nitroglycerine. For this reason 
heat should be avoided, and good ventilation provided 

Chemical tests. Just as with nitroglycerine, the tests for purity 
are made with the Lunge nitrometer and expressed as per cent of 
nitrogen, which should be 18.42 per cent. 

It ean be distilled in a vacuum on an oil bath without danger. 

Explosive diameter. Nitroglycol, with its ideal decomposition 
equation, which is a smooth breakdown into carbon dioxide, water 
and nitrogen, CHjONOi-CHiONOs = 2C0 2 -f 23:1*0 + N 3 , is the 
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most powerful of all the chemically homogeneous explosives which 
have found practical use up to the present time, and in energy content 
it exceeds even nitroglycerine. Among the nitric esters it, together 
with nitroisobutylglycerine trinitrate, occupies first place. The 
corresponding chloric and perchloric esters contain even more energy 
on account of the lower heat of formation of these acids in similar 
decomposition equations, but they are either very difficult to make or 
are unstable in the presence of moisture, like the perchloric ester, so 
that they have found no practical application up to the present time. 
In addition to this they are dangerous to handle. On the other hand, 
the highly nitrated aromatic nitrocompounds, which approach the 
energy content of these nitric esters very closely, like tetranitroani- 
line, tetranitrophenylmethylnitramine and pentanitrophenylmethyl 
nitramine, 20 are chemically unstable. 

Of the highly stable, easily prepared and relatively safe explosives, 
nitroglycol occupies first place as regards strength. On explosion 
1 kg. of it develops: 

170&.3 Calories at constant volume and water Liquid, or 
1580.9 Calories at constant volume and water Gaseous. 

The molecular heat of formation is 67.7 Calories. Therefore nitrogly- 
col has a total energy content exceeding that of nitroglycerine (1595 
Calories H 2 0 liquid) by 6.9 per cent. 

Just as with nitroglycerine, the explosive decomposition can be 
started by sudden heating, shock or initiation. On rapid heating 
nitroglycol explodes at about 215°C. with a sharp report. 

Sensitiveness to shock. Under the falling weight nitroglycol, both 
as such and in the form of a dynamite, has a considerably lower 
sensitiveness than nitroglycerine. Under the 2 kg. weight in 
comparative tests with nitroglycerine 21 the latter gave 8 to 10 cm., 
the former 20 to 25 cm. for detonation, nitroglycerine blasting 
gelatine 12 cm., nitroglycol blasting gelatine 25 to 30 cm., nitro- 
glycerine guhr dynamite 5 cm., nitroglycol guhr dynamite 15 cm. 

Flammability. Both nitroglycol and explosives containing it 
ignite when in contact with a flame, and burn with sputtering unless 
a sudden overheating occurs, in which case there is an explosion, 



*° Stettbachcr, Schiess- und Sprengstoffe, pp. 201-203. 
51 A drop absorbed in filter paper. 
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just as with nitroglycerine. In general nitroglycol explosives burn 
more quietly than do those containing nitroglycerine, and have less 
tendency to explode than the latter. 

Chemical stability. In the Abel test at 72°C. nitroglycol gives a 
reaction quickly. However, this should be attributed to the rela- 
tively high evaporation and slight dissociation of the vapors, and in 
no case does it represent a low chemical stability. On long continued 
heating in a loosely covered weighing glass at 7o°C. nitroglycol shows 
a considerably greater stability than does nitroglycerine, and only 
begins to decompose appreciably after eleven days (see under Nitro- 
glycerine, page 135). 

Sensitiveness to initiation. Nitroglycol is very sensitive to initial 
impulse, and like nitroglycerine is exploded both in a liquid condition 
and as a dynamite by the weakest common cap, a No. 1, even without 
confinement. Small quantities when loosely confined, such as 10 
grams in a lead block with water tamping, show a higher sensitiveness 
than nitroglycerine. This is true, however, only for the liquid 
condition. Correspondingly, nitroglycol explosives show a favorable 
propagation of detonation. Therefore nitroglycol, like nitroglycerine, 
is a suitable material to add in small quantities to ensure the propaga- 
tion of detonation of explosives containing ammonium nitrate, chlo- 
rate or perchlorate, and to raise their velocity of detonation. 

Velocity of detonation. The velocity of detonation of nitroglycol 
in a liquid condition does not appear to have as yet been measured. 
It should somewhat exceed that of nitroglycerine, but in any case it 
can be assumed to have a high value on account of the better propa- 
gation of the wave of detonation in liquids of low viscosity, even when 
in small tubes. With a 75 per cent kieselguhr mixture in tubes 35 
mm. internal diameter, and a density of loading of 1.25 the author 
found : 

mefers per 

second 

With nitroglycol 6000 

With nitroglycerine 5650 

or 350 meters per second greater for nitroglycol. 

Explosive strength. As regards energy content and high velocity 
of detonation nitroglycol occupies first place by the customary 
methods of determining explosive strength. The lead bloek expan- 
sion of 10 grams with water tamping was : 
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Nitroglycol, 650 cc. (110). . . 
Nitroglycerine, 590 ce. (100) 

In the ordinary explosive mixtures nitroglycol acts about the 
same as nitroglycerine. As regards explosive effect it is, therefore, a 
completely satisfactory substitute for the latter. 

GLYCOL MONONITRATE 

CHtOH-CHaONOi 

The mononitric ester of glycol is formed as a by-product in the 
manufacture of dinitroglycol, just as are mono- and dinitroglycerinc 
in the manufacture of nitroglycerine. Chemically it is very similar 
to the lower glycerine nitrates. 

According to Henry" it is obtained by the action of silver nitrate on bromo- 
hydrine. It can also be formed directly from glycol by the same process as is 

used for dinitroglycerine : 

One hundred grams of glycol is dissolved in 100 grams of nitric acid of a 
specific gravity of 1.515 (99 per cent HKOs) with good cooling, and then '220 
grams more of the same nitric acid added and this solution allowed to stand 
at 0°C. for one hour. The nitric acid should be as free as possible of nitrous 
acid, because otherwise there can be h violent oxidation and fuming-off of the 
entire charge. This solution is then poured on to ice, neutralized by soda and 
the small quantities of mono- and dinitratc separated. The saltpeter solution 
obtained is extracted several times with ether, and after removal of the ether 
the residue is fractionated in a vacuum. From the oil directly separated, 
the mononitrate is extracted by shaking several times with water and the 
solution fractionated in a vacuum. The product so obtained is still some- 
what contaminated with nitroglycol, from which it is separated by dissolving 
in water. After driving off the water in a vacuum, it is again rectified. The 
theoretical yield is 172.6 parts from 100 parts glycol. 

Direct separation from 100 grams of glycol gave about 58 grams of an eBter 
mixture having a specific gravity of 1.40, consisting of about one-half dinitrate 
and one-half mononitrate. On a triple treatment with small quantities of 
water there finally remained about 30 gramB of pure dinitrate. The aqueous 
extract, together with the neutralization liquors, gave 90 grams of mono- 
nitrate when extracted with ether, or a total of 120 gramB of the esters. 
30 grams dinitrate (25 per cent) correspond to 12.4 per cent of theory 
90 grams mononitrate (75 per cent) correspond to 52.3 per cent of theory 
Total glycol accounted for in ester 64.7 per cent. 



Ann. chim. ei dc physique (4), 27, p. 243. 
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By using 400 grama of the same nitric acid and 100 grams of glycol, with a 
two -hour after -nitration at 0°C, mostly dinitrate was formed. On direct 
separation there was obtained 176 grams of an ester mixture having a specific 
gravity of 1.47, containing 84 per cent dinitrate and 16 per cent mononitrate. 
The total mononitrate obtained was 46 grams, so that: 

148 grams dinitrate (76 per cent) correspond to 60 per cent of theory 
46 grams mononitrate (24 per cent) correspond to 26. 6 per cent of theory 

194 grams glycol in the form of esters or 86. 6 per cent of theory 

The relations in the manufacture of dinitroglycerine and nitroglycerine by 
concentrated nitric acid are quite similar. 

Properties. Glycol mononitrate is a water-white liquid having 
a slightly aromatic odor and a specific gravity of 1.348 at 20°C. 
(d) 2 4°. It is only slightly more viscous than nitroglycol. In the 
vacuum of a water jet pump it boils without decomposition at 91 to 
92°C, and is somewhat volatile at ordinary temperatures. It dis- 
solves very readily in alcohol, ether and chloroform, but on the other 
hand is miscible in all proportions with water, and therefore resembles 
glycerine mononitrate. 

It forms a good gelatine with collodion nitrocotton even at ordi- 
nary temperatures. It is converted into nitroglycol by the action of 
concentrated nitric acid or mixed acid. It dissolves in concentrated 
sulphuric acid with a considerable evolution of heat, so that in the 
determination of the nitrogen content by the Lunge nitrometer it 
should be first dissolved in a moderately Btrong sulphuric acid and 
then the concentrated sulphuric acid added gradually. Its nitrogen 
content is theoretically 13.08 per cent. 

Explosive character. Glycol mononitrate has an oxygen deficiency 
of 37.4 per cent, but is nevertheless a powerful explosive. When 
heated rapidly, it explodes violently. In a lead block, 10 grams in 
a glass tube, with sand tamping, gave an expansion of 375 cc, while 
nitroglycol gives 650 cc. One kilogram on explosion develops 943.7 
Calories at constant volume with water liquid, or 855.6 Calories at 
constant volume with water gaseous. The molecular heat of forma- 
tion is 90.0 Calories. The ratio of energy content of glycol dinitrate 
to mononitrate is 100:54.1; the ratio of the lead block expansions is 
100:57.7. 

Glycol mononitrate has not been considered for commercial explo- 
sives because it. has no advantages over the dinitrate, and moreover 
its manufacture is more difficult and its solubility in water is a serious 
disadvantage. 
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TRI METHYLENE GLYCOL DINITRATE 

CH^NOs CH 2 - CHjONOj 

Trimetkylene glycol and Us nitric ester, trimethylene glycol dinitrate 

Formerly unknown, trimethylene glycol and its nitric ester achieved 
a certain irn portance during the World War, which caused a more exten- 
sive investigation of such bodies. Fermentation glycerine, or protol 
glycerine, obtained by the fermentation of sugar, which was used in 
the latter years of the war in Germany in large quantities for the 
manufacture of nitroglycerine, usually contains small amounts of 
trimethylene glycol, formed in considerable quantities under certain 
conditions or on further treatment of the wort. 

Trimethylene glycol has been found occasionally in dynamite 
glycerine produced from fats, (soap spent lyes, glycerine waters), and 
Freund 23 has shown that under certain conditions glycerine is con- 
verted into trimethylene glycol by the action of certain bacteria, 24 
for example if impure, dilute glycerine solutions are stored for a long 
period, as is frequently the case with glycerine sweet waters. 

Trimethylene glycol is found in fermentation glycerine apparently 
in larger quantities than in glycerine produced from fats. Its forma- 
tion is considered a disadvantage because it reduces the yield of 
dynamite glycerine from sugar considerably, and also seems to affect 
the nitration unfavorably if present in larger quantities. 

A close study of the fermentation in protol plants has shown that normally 
fermented mash usually contains a very small amount of trimethylene glycol. 
The formation of the latter is due rather to the activity of micro-organisms 
such as yeaBts and stray bacteria, which attack the glycerine after fermenta- 
tion of the original sugar and so form the trimethylene glycol as a by-product. 
The higher the sulphite content of the protol wort or slop the less the subse- 
quent fermentation of glycerine and formation of trimethylene glycol, and on 
the other hand the lower the sugar content of the wort the greater the danger 
of subsequent loss of glycerine. In concentrated slop the high salt content 
hinders this reaction, and it is alBO affected by the presence of alcohol and 
aldehyde, bo that considerable trimethylene glycol is formed if the de- 

» Monalshefle, f. Chem., 11, p. 636 (1881). 

** Perhaps identical with Bacillus Bvtyricus, isolated by Fitz, Ber. 9, p. 1348, 
or with the mould Botrytis Cinerea, which should ako form trimethylene glycol, 
Laborde, Ret. de Viticulture (1897). See also Neuberg and Farber, Biochem. 
Z.,78,3, 4, p. 264 (1916). 
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alcoholized, dilute worts are allowed to stand for a long time before treatment. 
It is therefore best to treat them by driving off the alcohol and evaporating the 
wort as soon as possible after the fermentation is complete. 

In the distillation of dynamite glycerine from the slops the greater part 
of the trimethylene glycol present then goes into the so-called sweet waters, 
on account of its lower boiling point, and after their concentration it can be 
easily separated from the glycerine by fractionation. 

In addition to trimethylene glycol the preliminary run of protol glycerine 
contains a whole Beries of esters of various organic acids, and if they contami- 
nate the glycerine there is likewise danger of undesirable side reactions in the 
nitration of the latter. 

Properties of irimetkylene glycol. Pure trimethylene glycol is 
readily obtained at good yields by saponification of 1, 3-dibromopro- 
pane. (trimethylene bromide, boiling point 165°C.) by potassium 
bicarbonate. Trimethylene bromide is boiled with a 10 to 15 per cent 
solution of KHC0 3 for about twelve hours under reflux until all the 
bromide has dissolved, the water removed by a vacuum, and the 
moist mixture of KBr and glycol extracted by a mixture of methyl 
alcohol and ether, and after removal of the latter, rectified. The 
yield is about 85 per cent of theory. 

Pure trimethylene glycol is a colorless, odorless, syrupy, sweet 
liquid having a specific gravity of 1.0526 at 18°C, boiling without 
decomposition at 2U°C. J and mixing with water and alcohol in all 
proportions. 

When isolated by repeated fractional distillation from protol 
glycerine, it is yellow, with a peculiar, slightly burnt odor resembling 
coffee, boiling at 209 to 21D°C., a specific gravity of 1.0536 at 18°C. 
referred to water at 4°C. It contains 0.6 to 0.7 per cent of sulphur. 
It dissolves lead acetate if heated, and on gentle heating for some 
time forms a brownish-black precipitate. On heating with litharge 
the latter turns black after some time. 

Protol glycerine also contains 0.4 to 0.5 per 'cent sulphur. The 
nitroglycerine made from it contains about 0.3 per cent sulphur. 
The dinitratc from the isolated trimethyleneglycol contains about 
0.2 per cent sulphur. 

Determination of the trimethylene glycol content of protol glycerine. 
The trimethylene glycol content of a dynamite glycerine can be 
calculated from the specific gravity. With water present at the 
same time the determination of the specific gravity requires the use 
of the Rojahn Tables to show the trimethylene glycol content, for 
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which see Z. f. analyt. Chem., 58, 433 (1919); "The Effect of the 
Presence of Trimethylene Glycol Upon the Quantitative Determina- 
tion of Glycerine by the Isopropyl Iodide Method." 26 

Manufacture of Trimethylene glycol dinitraie 

Nitration of trimethylene glycol. This can be readily nitrated 
to the corresponding dinitratc by mixed acid, using certain precau- 
tions, such as maintainance of low temperatures. This so-called 
nitration, or rather esterification, takes place very smoothly, without 
any tendency toward oxidation in the ease of methyl alcohol and 
those polyvalent alcohols containing one hydroxyl group on every 
carbon atom but no methyl- or methylene group, like glycol, glycer- 
ine, erythrite, pentaerythrite or mannitc. The monovalent alcohols, 
with the exception of methyl alcohol, such as ethyl and propyl, are 
very violently oxidized by strong nitric acid or mixed acid, even at 
relatively low temperatures, so that their nitric esters must be 
prepared with comparatively weak nitric acid (specific gravity 1.4) 
with comparatively low yields. 

The conditions are similar with the polyvalent alcohols like tri- 
methylene glycol, propylene glycol and butylene glycol, whose smooth 
esterification by mixed acid at good yields is possible only at low 
temperatures. 

The study of these nitrating conditions was therefore of importance 
because under certain conditions dynamite glycerine can contain 
some trimethylene glycol, as was often the ease with protol glycerine 
made during the war in Germany. On account of the tendency of 
the trimethylene glycol to undergo violent oxidation fear was ex- 
pressed regarding the safety of the nitroglycerine operations. 

Trimethylene glycol requires only 166 parts of HNO s per 100 
parts to convert it into the dinitrate, while glycerine requires 205.4 
parts for the trinitrate. Five hundred parts of mixed acid con- 
taining 40 per cent HN0 3 and 60 per cent HssSO* are therefore 
sufficient for 100 parts of trimethylene glycol. 

Temperature. On cooling by a mixture of ice and salt, and slow 
introduction of trimethylene glycol into the mixed acid, the nitration 
is perfectly smooth at 0 to 10°C. Above 15°C., and particularly 
above 20°C., there is a tendency toward decomposition while adding 

ss See also Her., 52, 8, 1454. 
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the trimethyJene glycol, yellow vapors being evolved with a hisab* 

T ^ th ^ C0Ud half ° f thC Ditrati0n ' when the *** were 
rather dilute, this oxidation tendency is less. If the trimethylene 

glycol is added too rapidly, so that the temperature rises to 30°C a 
violent decomposition of the entire charge may occur, with a copious 
evolution of red fumes and even a firing. 

The separation takes place smoothly at 10°C, and the separated 
oil is washed like nitroglycerine. 

The phenomena observed by the author in the nitration or oxida- 
tion with impure natural trimethylene glycol obtained from protol 
glycerine, whieh usually contains traces of easily oxidized compounds 
or esters are exactly the same as those observed with chemically pure 
trimethylene glycol obtained from saponification of pure trimethylene 
bromide so that these properties must be peculiar to the chemical 
constitution. 

Yields From 100 grams of trimethylene glycol, prepared from 
protol glycerine, 198 grams of pure, neutral dinitrate were obtained. 
The theoretical yield is 218.4 grams so that the yield is 90.6 per cent 
of theory. Synthetic trimethylene glycol gives exactly the same 
yield as the above. J 

The nitrogen content by the Lunge nitrometer was: 

Trimethylene glycol dinitrate from protol glycerine 16*75 

7 diDitrate ,r ° m "y^o P'^o* 16.83 

6 10.88 

Properties of the spent acid. The behaviour of the spent acid from 
a trimethylene glycol nitration is peculiar. After some time a 

TTJS? 0 * ° f spontaneous heati °g above room temperature to 
^ * T^' trimeth y le, « glycol dinitrate still dissolved, 
™ d ff is8o!ved otS^o substances, undergo oxidation on standing 

™t ♦ JT" ^ by 8 inorease * the °it™us acid 

Sg earbon dioxide ' sU e ht 'y ° n 

of ^tw^f" 6 f °u t l0Dg 4116 spent 5101(18 from the «a»tion 
of synthetic trimethylene glycol show 9.0 per cent of NO,, and 8.5 

SLri W ^ n ., usm ? a trimethylene glycol derived from protol 

per ^Tno?™™ ^ * *" — age «- 
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The spent acida contain about 2 per cent of dissolved dinitrate, which can 
be recovered by extraction with chloroform. This raises the yield to 205.3 
per cent of the glycol, or 94 per cent of theory. Even the extracted spent 
acids show the peculiar subsequent oxidation, although to a less extent. 

The nitrous acid content of the spent acid was as shown in table 15. 

Even after the second day the temperature of the acid remained 4°C. above 
room temperature for several hours in the case of small laboratory charges of 



TABLE 15 

Nitrous acid content of spent acid 





I 

TH IM ETHYL KNE 
GLYCOL TRINITRATE 
BFENT AX! ID 


II 

BAME, AFTER 
EXTRACTION BY 

CHCU 




yer cent 


per cent 




1.6 


2.7 




6.6 


5.4 




8.6 


5.5 


After three days 


8.8 


5.6 


After seven days 


9.2 


5.8 



TABLE Ifi 

Oxidation during nitration of glycerine and trimethylene glycol 



NOj CONTENT 


BFENT ACID I, 
10 PERCENT TBI- 
METHYLENE GLYCOL 


SPENT ACID II. 
29 PER CENT TBI - 
METHYLENE GLYCOL 




Increase 
per day 




Increase 
per day 




prr cent 


percent 


per cent 


per cent 




1.67 




1.70 






1.88 


0.21 


2.08 


0.38 


After three days 


2.29 


0.20 


3.02 


0.47 


After five days 


2.51 


0.11 


3.52 


025 


After eight days 


2.74 


0.08 


3.92 


0.13 



0.5 to 1,0 kg. if the loss of heat by conduction in the case of small charges 
is taken into consideration it is evident that on a commercial scale large 
charges would have to be cooled for a long period. 

Nitration of mixtures of glycerine and trimethylene glycol. Mixtures of glyc- 
erine and trimethylene glycol containing 5 and 10 per cent of the latter nitrate 
smoothly even at 30°C. without any sign of oxidation. The yields of the 
esters are lower than with glycerine alone and correspond to the trimethylene 
glycol content. With a mixture of 80 per cent glycerine and 20 per cent tri- 
methylene glycol there was a slight tendency toward oxidation at the begin- 
ning of nitration at 20°C. After this the nitration went smoothly at 25°C. 



234 NITHOCLYCEKENE AND N1TBOGLYCEBINE EXPLOSIVES 

With a 90/10 mixture of glycerine and trimethylene glycol the spent 
acids directly after nitration showed 1.67 per cent NO*, and with an 80/ 
20 mature 1.70 per cent NO,. Since a certain amount of oxidation accom- 
pany every nitration, and even nitroglycerine spent acids contain 1.7 to 
1.8 per cent N0 2 , these figures show that in the nitration of mixtures of glycer- 
ic and 10 to 20 per cent trimethylene glycol there is no marked oxidation 
during .nitration. On storing the spent acids, however, there is a considerable 
oxidation, as is shown in table 16. Thus the reaction gradually dies out in 
the course of a week becoming rather small and corresponding to the actual 
quantity of trimethylene glycol present. No formation of CO, was noticed 
in spent acid T, but No. II showed some after a few days, particularly on 
shaking, although slight. 

Accordingly glycerine containing less trimethylene glycol than the 
above should be no source of danger in nitration and other processes 
of nitroglycerine manufacture. 

From the sweet water concentrate of a protm glycerine plant the 
author isolated by fractional distillation 25 per cent trimethylene 
glycol and 2 per cent of low boiling esters of organic acids, while the 
residue consisted of glycerine and water. When these very reactive 
esters, obtained as the preliminary fraction from trimethylene glycol, 
arc put into mixed acid a small amount of an oily nitric ester sepa- 
rates, mainly trimethylene glycol dinitratc, but after some time the 

spent acids heat up spontaneously and undergo a violent decomposi- 
tion. 

Any "cut" of the protol glycerine containing, such sweet water 
concentrates can therefore lead to surprising conditions in the nitrogly- 
cerine operations, due to lack of knowledge of these circumstances, as 
for example fires in after-separation during the war, which were 
traced to this cause. 

Properties of trimethylene glycol dinitrate. Trimethylene glycol 
dinitrate is a water-white, very mobile, almost colorless liquid, with 
an extremely slight, ethereal-aromatic odor. It is considerably less 
viscous than nitroglycerine, and almost like nitroglycol in this respect 
Its specific gravity at 20°C. is 1.393, referred to water at 4°C. It 
boils without decomposition under 10 mm. pressure at 10S°C. 

Volatility. It is considerably more volatile than nitroglycerine, 
but not so much so as nitroglycol. It is almost insoluble in water' 
but easily soluble in the same solvents as nitroglycerine, as well as in* 
concentrated nitric acid, which causes a gradual decomposition, and 
in concentrated sulphurie acid with decomposition. It forms a 
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good gelatine with collodion nitrocottom In contact with the skin 
it causes headache, like nitroglycerine. 

On gradually heating small amounts of it in an iron dish it ignites 
with a slight report, after which the liquid burns quietly. On heat- 
ing two drops in a beaker placed in a bath of molten metal yellow 
vapors were given off at 185°C, which gradually became more volu- 
minous. At 225°C. a slight deflagration occurred. 

The sensitiveness to shock is very low. Under the 2 kg. weight 
it could not be detonated even at a 100 cm. drop, nor under the 10 
kg. weight at a drop of 20 cm. Trimethylene glycol dinitrate is 
therefore much safer to handle than nitroglycerine. 

Chemical stability. Although the Abel test reaction is obtained 
after only a few minutes, its chemical stability is extraordinary 
high, even at higher temperatures. Small samples of trimethylene 
glycol dinitrate, stored in a loosely covered weighing bottle for 
twenty-five days at 75°C. showed no decomposition or development 
of acidity. The nitrogen content was the same after storage as 
before. There was merely a volatilization loss of about 5 per cent. 

Explosive strength. Trimethylene glycol dinitrate lacks 28.9 per 
cent oxygen for complete combustion. For a decomposition accord- 
ing to the following equation: 

CII^ONO* 
I 

CH* = CO, + 2CO + 2H z O + II 2 + N a 
I 

CHaONOj 

with a molecular heat of formation of 78.1 Calories, there is a heat of 
explosion of 1138.5 Calories per kilogram at constant volume and 
water gaseous. 

Trimethylene glycol dinitratc is therefore to be expected to be 
among the strongest highly brisant explosives. As a matter of fact, 
10 grams of it in a lead block, with water tamping, gave an expansion 
of 540 cc, or about 90 per cent that of nitroglycerine, whereas the 
energy content can be calculated as only about 77 per cent of that of 
nitroglycerine. Here, as in other cases, like nitroglycidc and dinitro- 
chlorohydrine, the explanation lies in the ability of the liquid of low 
viscosity to give a high initial velocity of detonation. 

A gelatine consisting of 93 per cent trimethylene glycol dinitrate 
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and 7 per cent collodion nitrocotton gave a lead block expansion of 
470 cc, or about 80 per cent of the strength of a nitroglycerine 
gelatine. 

PROPYLENE GLYCOL DINITRATE (METHYL GLYCOL DINITRATE) 

CH 4 ■ CHONO j ■ CHsONO. 

This nitric ester, isomeric with trimethylene glycol dinitrate, and 
very similar to it, a high explosive, has been proposed as an addition 
to nitroglycerine to render the latter non-freezing, just like nitro- 
glycol. 26 The high price and difficulty in obtaining the raw material, 
propylene glycol, has previously prevented its practical use, because 
more readily obtained products like dinitroglycerine, tetranitrodi- 
glycerine, nitroglycol and dinitrochlorohydrine serve the same 
purpose. 

Propylene glycol can be obtained by a synthesis analogous to that 
of the glycol synthesis from ethyl alcohol, from normal propyl alcohol 
or from the now readily obtainable isopropyl alcohol, today produced 
on a large scale by the catalytic reduction of acetone." Isopropyl 
alcohol, when passed over MO, at 300°C. gives propylene, and the 
latter by chlorination gives propylene chloride, 28 which on gentle 
saponification with carbonates or bicarbonates gives propylene 
glycol. 

Propylene glycol is a thick, sweet-tasting liquid having a specific 
gravity of 1.04 at 20°C, and boiling at 188°C. It is miscible in all 
proportions with water and alcohol. 

Propylene glycol shows the same peculiar tendency toward oxida- 
tion during nitration as trimethylene glycol, but to a less extent, and 
can be easily converted into the dinitrate by 5 parts of a mixed acid 
containing 40 per cent HN0 3 and 60 per cent HjSO*. Decomposi- 
tion only occurs above 30°C. 

Yields. From 100 parts the author obtained 187 parts of the 
dinitrate (theory 218.4), corresponding to about 86 per cent yield. 
The nitrogen content was 16.50 per cent, the calculated being 16.88 
per cent. 

Propylene glycol dinitrate is a water-white liquid having a charae- 

24 German patent 179789 (1904). 

27 And also from the gases from "cracking" petroleum.— Translator. 
!B German patent 363269 (1919). Union Clarbirl* Hnmn.^ \wv n ,t 
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teristic, rather aromatic odor, whieh does not freeze at - 20°C. It 
is two to three times as volatile as the isomeric trimethylene glycol 
dinitrate. It is somewhat less viscous than its isomer. Its specific 
gravity at 20°C., with water at 4°C, is 1.368. It boils at 92°G. 
under 10 mm. pressure. Its solubilities and gelatinizing powers are 
the same as the isomer. (See table 17.) 

From a chemical point of view and as an explosive, propylene 
glycol dinitrate behaves like its isomer. With a molecular heat of 
formation of 83.1 Calories it has a heat of explosion of 1109 Calories 
per kilogram at constant volume with water gaseous, while the isomer 
evolves 1138.5 Calories. This slight difference predicts about the 
same explosive power, and as a matter of fact 10 grams of it under 



TABLE 17 

Loss of weight and viscosity of propylene glycol and trimethylene glycol 





PROPYLENE 
GL.VCOL DI NIT HATE 

(J Oghams) 


TRIMETHYbENB 

OLYCOtDIWXTRAXH 




per cent 


per cent 


Loss of weight at 35°C. in dishes 60 mm. in 






diameter: 








3.8 


18 




14.1 


4.2 


Viscosity, or time taken for 5 cc to run out of 


seconds 

5.0 


second* 

5.5 



water tamping give an expansion of the lead block of 540 cc, the same 
as trimethylene glycol dinitrate. 

N ITROERY TH KITE (ERYTHRITE TETRANITRATE) 

CH j0NO 2 CHONO a - CIIONO* CH iONO * 

The next higher homolog of nitroglycerine is erythrite tetranitratc. 
This is prepared from erythrite, which occurs in nature in algae and 
lichens, and has a melting point of 120°C, a specific gravity of 1.59. 
It is very soluble in water. On adding it to highly concentrated 
nitric acid while cooling, then adding an equal quantity of eoncen- 
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trated sulphuric acid" the tetranitrate precipitates. It crystallizes 
in plates from alcohol and melts at 6 1°C. It is insoluble in cold water. 

It is mentioned in German patent 110289 (1898) and English patent 
27397 (1898) as an addition to smokeless powder. It detonates 
readily by shock, and on account of its favorable decomposition 
equation and an oxygen balance of +5.3 per cent, similar to that of 
nitroglycerine, it evolves an energy approximating that of nitro- 
glycerine. With a molecular heat of formation of 130.5 Calories its 
heat of explosion is 1414 Calories per kilogram at constant volume 
and water gaseous. 

C*H s (ONO0* = 4CX> 2 + + 2N, -f- O 

Its lower chemical stability, and the difficulty in obtaining the raw 
material has prevented its practical use up to the present time, and 
may do so in the future. 

UT7TYLENE GLYCOL D I NITRATE 

Of the four following isomeric butylene glycols: 







CII 2 OH 


CH, 


[ 


1 


1 


1 


CH 2 


chou 


cir 2 


CHOH 


J 


1 


1 


1 


CHOH 


CH, 


CH 2 


CHOH 


1 


1 


J 


J 


CH*OH 


CH 2 OH 


CH 2 OII 


CII 3 


1,2- 


1,3- 


1,4- 


2,3- 



only the second, the 1 ,3-butylene glycol, has been proposed as a raw 
material for explosives and been tested. According to United States 
patents 994841 and 994842 (1911) its dinitratc, either alone or in 
admixture with nitroglycerine, is proposed as the basis of non- 
freezing explosives . 

According to United States patent 1008333 (1911) the 1,3-buty- 
lene glycol is obtained from aldehyde via acetaldol by reduction of 
the latter, and then converted into the dinitrate in the usual way. 

Although the synthesis of butylene glycol has made great progress 
in Germany in recent times, so that the product can now be supplied 

2fl Stenhouse, Licbig's Ann. d. Chan., 70, 226 (1849). 
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at a rather low price, it could not be introduced into the practical 
manufacture of explosives on account of too great difficulties in 
nitration, due to tendency toward oxidation, similar to certain glycols, 
trimethylenc glycol in particular, which requires very good cooling 
and a very low temperature of nitration, at least — 5°C. 

According to the last mentioned patent the preparation of buty- 
lene glycol is as follows : 

Butylene glycol is a thick, sweet-tasting liquid, less viscous than glycerine, 
having a specific gravity of 1.026, boiling at 203 to 204°C, or at about 110°C, 
in the vacuum of a water jet pump. It is very soluble in water and alcohol, 
and only slightly soluble in ether. 

Nitration. On account of the tendency toward oxidation, nitration should 
be done at as low a temperature as possible, e.g., — 5°C. An aqueous mixed 
acid helps the operation but reduces the yields. One hundred parts of buty- 
lene glycol give about 187.5 parts of the dinitrate (theory 200 parts), or 93.7 
per cent of theory. The nitrogen content is 15.56 per cent. 

Properties of butylene glycol dinitrate. It is a water-white liquid having a 
specific gravity of 1.32 at 15°C, which does not freeze at — 20 a C. It is some- 
what volatile even at ordinary temperatures, appreciably bo at 50°C., consid- 
erably more so than nitroglycerine but less bo than nitroglycol. It insoluble 
in water but readily soluble in the same solvents as nitroglycerine. 

Although it gives a reaction in the Al»el Heat Test in a short, time, it shows 
a high chemical stability at higher temperatures. It forms a good gelatine 
with collodion nitrocotton. 

On sudden heating it deflagrates weakly. It is extraordinarily insensitive 
to shock but detonates easily by initiation. 

Explosive strength.. A mixture of 75 per cent dinitrate and 25 per cent 
kieselguhr gives about 240 cc. expansion in the lead block. A gelatine con- 
taining 90 per cent dinitrate and 10 per cent nitrocotton gives about 370 cc. 
expansion. The oxygen balance of the dinitrate is —53.3 per cent. 

NITROISOBOTYLGLYCERINE TRINITRATE 

CHiOKTOi 

/ 

KOi— C— CII 2 ONO s 
\ 

CH 2 ON0 2 

This compound is very interesting from the explosive point of view. 
It is equivalent to nitroglycerine and nitroglycol in explosive strength 
and brisancc. It is both a nitric ester and a nitrocompound. It is 
the product of the nitrat ion of nitroisobutylglycerinc, a condensation 
product of nitromethane and formaldehyde. On detonation it 
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decomposes like nitroglycol into water, carbon dioxide and nitrogen, 

leaving no residue: 

NOi-C - (CHsONOi)j = 4CO, + 3H s O + 2N T a 

and has an energy exceeding even that of nitroglycerine- This 
compound was described by Hofwimmer. 30 

Nitroisobutylgiycerine is formed by the condensation of 1 mole- 
cule of nitromethane with 3 molecules of formaldehyde in the pres- 
ence of potassium bicarbonate : 

NO, CH 3 4- 3IICOH - NOi-C-(CH*OH) a 

It crystallizes in needles or prisms, melting at 149°C. It is readily 
soluble in water and alcohol, but difficultly soluble in ether. 

To prepare it one part of nitromethane is mixed with 4 parts of 40 per cent 
formaldehyde and about 1 gram of potassium bicarbonate added. After a 
short time the condensation occurs with vioh it boiling. According to other 
sources of information it must first be gently heated and then quickly cooled to 
temper the reaction. After evaporation in a vacuum the crude alcohol remains 
as a mass of crystals. The yield of crude product is about theoretical, or 247 
parts from 100 parts of nitromethane. According to Hofwimmer this is then 
purified by sucking a little alcohol through it, but according to others it is 
better to recrystallize from amyl alcohol or amyl acetate at D0°C. The yield 
is 70 per cent of crude product, and has a melting point of 149 "C. 

Nitration. Esterification is done with the same mixed acids in about the 
same proportions as with glycerine, but less heat is evolved than with the 
latter. 31 The crystals dissolve easily, and the oily ester separates readily and 
is purified like nitroglycerine. In order to avoid the formation of emulsions 
it. is best to wash with very dilute soda solutions at moderate temperatures. 
When using a not absolutely pure alcohol an emulsion can form very easily 
on washing, and the ester gives up water very slowly. The yield is about 
150 to 151 parts of the ester from 100 parts of tu«i alcohol, the theoretical being 
189.4, or about SO per cent of theory. The nitrogen content is 19.44 per cent, 
of which 14.59 per cent is nitrate nitrogen. The figure 14.56 pe r cent was found 
by the Lunge nitrometer. 

Properties of nitroisobutylgiycerine trinitrate. This is a thick 
yellow oil, more viscous than nitroglycerine, odorless, and having a 
burning taste. Its specific gravity is 1.68 according to Hofwimmer. 
It is less volatile than nitroglycerine and has less tendency to cause 
headache. The crystallization tendency at low temperatures is 

30 Z. Schiess- u. Sprengstoffw. (1912), p. 43. 
11 See English patent 6447 (1914). 
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slight. It is insoluble in water, but very soluble in alcohol, ether, 
benzene and chloroform, and insoluble in benzine, like nitroglycerine. 

Chemical stability. On heating to temperatures of 70 to 80°C. 
the chemical stability is not less than that of nitroglycerine. 

On igniting it burns quietly, with a light, blue-green flame, and 
explodes on heating above 1S0°C, after evolving red fumes. 

Under the falling weight it detonates almost as easily as nitro- 
glycerine. The 2 kg. weight causes detonation at 2 cm. with 
nitroglycerine and at 6 cm. with nitroisobutylgiycerine trinitrate. 
The gelatinizing powers on collodion nitrocotton are appreciably less 
than those of nitroglycerine, even when hot. 

Explosive strength. This is very similar to that of nitroglycerine. 
A 75 per cent kicselguhr mixture gave a lead block expansion of 325 
cc., as compared to 305 cc. for nitroglycerine. Its 93 per cent blast- 
ing gelatine gives a somewhat lower expansion than when using nitro- 
glycerine, 580 cc. as against 600 cc, since the oxygen excess of the 
nitroglycerine burns the collodion nitrocotton completely, so that in 
this case the total oxygen balance is more favorable and the heat of 
combustion higher. The heat of explosion of nitroisobutylgiycerine 
trinitrate was determined experimentally as 1707 Calories per kilo- 
gram at constant volume and water liquid, as compared to 1595 
Calories for nitroglycerine, so that the energy content of the former 
is therefore about 7 per cent higher. Practically, the use of this high 
grade explosive oil as a substitute for or replacement of nitroglycerine 
can only be considered when a sufficiently cheap method of producing 
nitromethane is discovered. The previously known processes do not 
give sufficiently high yields. 32 



N I TROP ENTAE RYTHR IT E (PENTAERYTHRITE TETRANITRATE) 



C 



/ 



CHiONOs 
XIHiONOi 



Of the solid esters of nitric acid, nitropentaerythrite has the most 
promise of practical use because in contrast to its closely related 
homologues, crythrite tetranitrate and nitromannite, it has a high 
chemical stability and is not too sensitive to mechanical influences. 

M German patent 29-1755 and Swiss patent 74333, on the preparation of 
nitromethane from NaXOj and sodium methylaulphate. 
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It has been proposed as an addition to smokeless powders 3 * to 
raise their flamrnability and ease of combustion, and as a filler for 
blasting caps in place of or in mixture with tetranitromethyl aniline 
(tetryl) or trinitrotoluene, 34 where on account of its energy content 
which is higher than that of the aromatic nitrocompounds it would 
exert a greater initiating effect. Its disadvantage in this connection 
has been up to the present time a too great sensitiveness on pressing. 

Furthermore, according to Jean Harle, Rouen, German patent 336280 
(1914), it may serve as a filler for cordcau detonant, either alone or mixed 
with fusible aromatic nitrocompounds. 

For general use as an explosive or explosive component, for exam- 
ple in place of nitroglycerine for improving the ease of detonation, the 
relatively high price has been a disadvantage up to the present time, 
because both the synthesis of the raw material and the conversion 
into the ester are not sufficiently developed. 

PENTAERYTHRITE, C{CH 2 OH) 4 

This is a quadrivalent alcohol formed by the condensation of 1 
molecule of acetaldehyde with 4 molecules of formaldehyde in the 
presence of slaked lime, forming formic acid as a by-product, in 
dilute aqueous solution: 

8CH,0 + 2CH s CHO 4- Ca{OH) 2 - 2C(CH,OH) 4 4- Ca(HCOO) 3 

The synthesis was first described by Tollens and Wigand 36 in 1891, 
and Rave and Tollens 36 in 1893. Stettbacher 37 described ii at length. 
Theoretically 100 parts of acetaldehyde give 309 parts of pentaery- 
thrite and 104 parts of formic acid with 273 parts of formaldehyde 
and 40 parts of water. According to Stettbacher about 65 per cent 
of theory was obtained in preparing the crude product. 

The process is as follows: 194GgramBof formadehyde, or 4.85 kg. of a 40 per 
cent solution, and 600 grams of acetaldehyde {1 kg. of 60 per cent) commer- 

" German patent 81664 (1894), Rhein,-We$if. Sprengstof A.-G. 
« German patent 265025 (1912); English patent 11809 (1913); French patent 
451925 (1912), see also Jahresber. d. Mil.-Vers. Amis, 3, 13 (1896). 
» 4 Ann. 265, p. 318. 
36 Ann. 276, p. 58. 

» 7 Z. Sckiess- u. Sprengstoffw. (1916), p. 182, 
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cial aldehyde) are dissolved in 90 liters of water containing 1600 grams of 
slaked lime in suspension. The solution is in a wooden cask which can be 
closed, since no pressure changes are encountered in the reaction. The cask 
is rolled about several times a day in order to bring the lime into sufficient 
contact with the solution. After about three weeks the reaction is complete. 
The solution is syphoned or filtered off and the calcium formate precipitated 
by oxalic acid, the alkaline reaction changing to acid and the brown color 
changing to yellow. The oxalate is allowed to settle, and the water is driven 
off under diminished pressure. The crystals obtained on cooling are eentri- 
fuged or drained from the syrupy mother liquor. A mixture like the above 
gives about 1200 grams of crude pentaerythrite having a melting point of 
235 to 240 D C. 

For further purification the brown, crude product is stirred with a little 
alcohol and sucked dry on a filter, leaving the pentaerythrite perfectly white, 
and after several reerystallizations from water an absolutely pure product is 
obtained. For nitration this recrystallization is not necessary. Pure penta- 
erythrite forms tetragonal crystals melting at 253°C. It dissolves in 18 parts 
of water at 15°C. 

An improvement in the production of pentaerythrite is disclosed in German 
patent 298932 (1914), issued to the Rhein.-Westf. Sprengstoff A.-G., in which 
the precipitation of the calcium formate by oxalic acid or sulphuric acid, with 
the subsequent difficult recovery of the free formic acid, is avoided, and 
instead the calcium formate, whose solubility changes very little with change 
of temperature as compared to the pentaerythrite, is thrown out by the proper 
hot concentration and so obtained as a by-product, filtered hot, and then on 
cooling the pentaerythrite is separated by crystallization. 

For the similar synthesis of enneaheptite from acetone and formaldehyde 
by water and slaked lime see Tollens; Ann, 289, page 47.' B 



CH, 
< 

CO -4- 7CH 2 0 + H*0 
I 

CH, 



C— CH 2 OH 

(\ -4- CHOOH (m.p. 156°C.) 

X OH 

^CH s OH 
C — CH2OH 



3S German patent 286527 (1913), to E. v. Herz, on the use of anhydroen- 
neaheptite pentanitrate as a blasting cap charge. 
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Nitropentaerythrite 

Preparation, 39 Mixed acid is not suitable for the nitration of this 
compound. On adding the latter to mixed acid the finely divided 
tetranitrate is not obtained, but instead a tough product difficult to 
purify and of low stability. On the other hand, pcntaerythrite dis- 
solves in a large exeess of concentrated nitric acid, with partial 
esterification, which is completed by the gradual addition of con- 
centrated sulphuric acid. One hundred grams of 94 per cent nitric 
acid at 25 to 30°C. dissolves only about 4 to 5 grams of pentaeryth- 
ritc to a clear solution. If more is added, or if the acid is too cold the 
ester precipitates out as crystals. If the temperature is allowed to 
rise too high, in order to get more into solution, the charge takes fire 
very easily. It is best to operate as follows: 

One hundred grams of finely powdered pentaerythrite is gradually 
dissolved in 400 cc. of nitric acid of a specific gravity of 1.52, with 
good cooling to 25 to 30°C. Theoretically 185.3 grams of HNO3 is 
required, so that the above is a triple excess. Toward the end of the 
nitration the difficultly soluble nitrate partly separates. By the 
gradual addition of 400 cc. of concentrated sulphuric acid of a specific 
gravity of 1.84 and cooling, it is completely precipitated. It is 
allowed to stand for an hour and sucked dry on a filter, the acid 
being displaced first with a 50 per cent sulphuric acid and then with 
water. The last traces of free acid arc removed by washing with a 
dilute soda solution. The theoretical yield is 232.5 grams. The 
yield of crude product amounts to 85 to 90 per cent of theory, accord- 
ing to the degree of purity of the pentaerythrite used. The crude 
product is not sufficiently stable chemically, since it still encloses 
traces of acid which cannot be separated by heating with water, even 
when alkalies are added. The iodine test is only a few minutes. For 
complete purification it is dissolved in a little hot acetone, some am- 
monium carbonate added, and the solution filtered through a hot 
water filter into twice its volume of 90 per cent alcohol, precipitating 
absolutely pure nitropentaerythrite in fine needles. The yield of 
the pure product is about 90 per cent of the crude used, and about 85 
per cent of theory. 
Properties. Pure nitropentaerythrite melts at 138.5°C. according 

" Vignon, Gerin, C. R. f 133, p. 590; also Stettbacher, loc. cit., arid German 
patent 265025 (11)12). 
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to Will, 40 forms well defined crystals, and has an extraordinary 
chemical stability. It is insoluble in water, slightly soluble in alcohol 
and ether, and readily soluble in acetone. It withstands the iodine 
test at 80°C. for hours and can be stored at temperatures of 50 to 
100°C. for a long time without decomposition. 

As regards its chemical stability it exceeds its homologs, nitro- 
erythrite and nitromannite, considerably, as well as nitroglycerine 
and nitrocellulose, probably due to its peculiar molecular structure. 
In the polyvalent, aliphatic nitric esters having a chain structure of 
the carbon atoms, the chemical stability as a rule diminishes with 
the length of the carbon chain. Thus nitroglycerine is less stable 
than nitroglycol, and nitroerythrite and nitromannite less stable 
than nitroglycerine, while the still higher molecular nitrocellulose 
assumes a special position in which it must be remembered that it is 
not a pure ester and that not all of its hydroxyl groups can be esteri- 
fied by nitric acid. The highest nitrated nitrocellulose is a mixture 
of hexa- and pentanitrocellulose, with about 13.5 per cent nitrogen, 
containing 5 to 6 nitric acid radicals to a chain of 12 carbon atoms, 
while with nitroglycerine containing 18.50 per cent nitrogen and 
nitromannite with 18.58 per cent there is a nitric acid radical to each 
carbon atom. The lower stability of nitroglycerine, and particularly 
nitromannite, as compared to nitrocelluose, can therefore be explained 
by the greater accumulation of nitric radicals attached to the carbon 
chain. 

A peculiar position is assumed by nitropentaerythrite as regards 
stability. It contains 4 nitric acid radicals to 5 carbon atoms, and 
17.74 per cent nitrogen. Stettbacher 41 not improperly attributed this 
phenomenon to the peculiar position of the 4 mcthoxyl groups about 
the central quaternary carbon atom. 

Above the melting point decomposition sets in. A small amount 
of nitrogenous gases begins to split off after one-half an hour at 140 
to 145°C. In a bath of Wood's metal 0.2 gram of nitropenta- 
erythrite at 175°C. and above gives off light yellow vapors, from 190°C. 
and up red fumes, and at about 205 °C. there is a weak deflagration. 

FUimmability . Nitropentaerythrite is difficult to ignite. It does 
not take fire from the spit of a fuse or the flame of a match. If 

«• The author found the molting point to be 140 to 14l°C. 
" Z. Schiess- u. SpreTtgstojfw. (1916), p. 112. 
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ignited by a greater heat than this it bums quietly when in small 
quantities. 

Stability on heating. Pure nitropentaerythrite can be stored in 
covered weighing bottles at 75°C. for weeks without decomposition. 
Even after several days at 90°C. there is no acid reaction, and the 
loss in weight is only 0.1 per cent. 

Sensitiveness to mechanical effects. Nitropentaerythrite is rela- 
tively insensitive to f riction. On rubbing in a rough porcelain mortar 
there is a loud crackling but no real detonation. On the other hand, 
the sensitiveness to shock is relatively high, although less than that of 
nitroglycerine and guhr dynamite. Under the 2 kg. weight nitro- 
pentaerythrite detonates at 20 cm. fairly regularly with a loud report, 
but only occasional detonations occur at 15 cm. and 10 cm. 

Explosive character and strength. In view of the small oxygen 
deficiency of 10.1 per cent and the probable decomposition according 
to the following equation; 

C(CH 2 ON0 2 )< = 3CO t + 2CO + 4II20 + 2N* 

a fairly high explosive strength would be expected. The calculated 
heat of explosion of nitropentaerythrite, based upon a heat of forma- 
tion of 131.2 Calories, is 1522.5 Calories per kilogram with water 
liquid, and 1403.2 Calories per kilogram with water gaseous, or 95 
per cent of that of nitroglycerine. In the lead block 10 grams under 
sand tamping gave an expansion of about 500 cc. Nitropenta- 
erythrite thus belongs to the strong explosives. 

ce. 

10 grama nitropentaerythrite under water tamping 560 

10 grams liquid nitroglycerine under water tamping about 600 

The expansions are about as 93.3:100. Their relation therefore 
agrees rather well with their energy contents, or 1403.2:1485 as 
94.5:100. 

Moreover the sensitiveness to initial impulse is extremely high, 
higher than that of the highly nitrated aromatic nitrocompounds like 
tetryl (tetranitromethylaniline), so that nitropentaerythrite has been 
considered as a charge of blasting caps in place of aromatic nitro- 
compounds. For example, tetryl requires more than 20 mg. of 
lead azide to ensure its detonation, while 1 mg. of lead azide suffices 
for nitropentaerythrite. 
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The very high sensitiveness of nitropentaerythrite toward initial 
impulse is also shown by the fact that the weakest blasting cap, a 
No. 1, gives almost the same expansion in the lead block with this 
explosive as does the usual No. 8 cap. (See table 18.) 

Lead crusher test. Nitropentaerythrite gives an extraordinary 
crushing effect on the lead cylinder. One hundred grams of it com- 
presses the cylinder 22 ram. and deforms it considerably. 

Velocity of detonation. The velocity of detonation is also very 
high. The author found, in an iron pipe 25 mm. internal diameter, 
at a density of 0.85, i.e., slight compression of the nitropentaerythrite, 
a velocity of 5330 meters per second. 



TABLE IS 

Comparison of expansion by different blasting caps 





WITH NO. 8 CAP 


WITH NO. I CAP 




CC. 


CC, 




500 


460 


Deduction for the cap 


30 


5 




470 


455 



On the other hand Kast found with highly compressed material of 
a density 1.62 more than 8000 meters per second, or a velocity of 
detonation of the highest order. 42 



N1TROMANNITE (MANNITE HEXANITRATE) 

CH 8 ON0 2 - (CIIONaVCHsONOs 

Nitromannite is the homologous nitric ester of nitroglycerine of 
the highest molecular weight which has been investigated for com- 
mercial use. On account of its ease of detonation, high energy and 
relatively low sensitiveness to mechanical effects even Sobrero 
recommended it as a substitute for mercury fulminate in priming 
compositions sueh as in percussion caps. 43 However, the investiga- 
tion undertaken by the Royal Arsenal at Turin in comparison with 
mercury fulminate apparently came to nothing. 

42 Z.f. angew. Chem. (1923), p. 74. 

43 C. R. (1847), p. 121; and Molinari and Quartier, "Notices sur lea Ex- 
plosifa en Italic," Mailand 1913 bei Iloepli, p. 16; Die Entdeckung des Nitro- 
tnannitez. 



248 NITUOGLYCEBENE AND NITROGLYCERINE EXPLOSIVES 



Then nitromannite was more closely investigated as to its explosive 
properties by Berthelot 44 and Sarrau and Vieille. 45 Further work 

was done by Domonte and Me'nard, 4 * Strcckcr, 47 Sokoloff, 48 and 
particularly by Wigner. 49 

Nitromannite was obtained by the esterification of rf-mannite, 
which is widely distributed in the vegetable kingdom and obtained 
particularly from the juice of the manna. 50 The d-mannite crystal- 
lizes in needles or prisms, melting at 166°C, and is rather soluble in 
water. 

This hexavalent alcohol can be nitrated without difficulty. In 
theory about as much nitric acid is required as for the nitration of 
glycerine, or 207.7 parts of HN0 3 for 100 parts of mannite as against 
205.4 parts of HN0 3 per 100 parts of glycerine. 

Introducing the voluminous mass of crystals into the mixed acid 
is not recommended because the product cakes together and is thus 
prevented from being thoroughly nitrated. It is better to dissolve 1 
part of mannite in 5 parts of concentrated nitric acid of a specific 
gravity of 1.51 with good cooling, and while still cooling to add grad- 
ually to the clear solution 10 parts of 66° Be" sulphuric acid, throwing 
down the nitromannite as a thick soup of crystals, which is sucked 
dry on a filter which has been previously hardened by treating with 
mixed acid. It is then washed with water, and neutralized with 
dilute sodium bicarbonate solution. The crude hexanitrate is re- 
crystallized from boiling alcohol by using a hot water heated funnel, 
to get it absolutely pure. If the mother liquor is heated to boiling 
and water added until a turbidity occurs the rest of the nitromannite 
separates almost completely on cooling. The yield is 232.5 per cent 
of the mannite used, the theoretical being 248.35 per cent, or a 93.6 
per cent yield. In the Lunge nitrometer the crude nitromannite 
gives a nitrogen content of about 18.2 per cent, and that recrystal- 
lized from alcohol the theoretical 18.58 per cent. 

** Berthelot, Sur la force des matieres explosives, II, p. 204. 
« Mem. poudre mlp., 11, p. 126 (1884-89). 
"C. K.,24, p. 89, 390 (1847). 

47 Ann., 73, p. 59 (1850). 

48 Ber., 12, p. 688, 698 (1873). 
** Ber., 36, p. 956 (1903). 

60 For occurrence and preparation of manna and mannite see Beilstein Hand- 
book, 4 ed., vol. I, p. 534. 
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Properties} 1 Pure nitromannite melts at 112 to 113°C. It has a 
specific gravity of 1.604, but when recrystallized from alcohol as fine 
crystals it is a voluminous mass. It is insoluble in water, very soluble 
in ether and hot alcohol, but only slightly so in cold alcohol. 

Chemical stability. Even with the pure product twice recrystal- 
lized from alcohol the chemical stability is relatively low at high 
temperatures, apparently due to the chemical constitution or accumu- 
lation of nitric acid radicals on the open earbon chain. 

While the low-molecular nitric esters like nitroglycol, methyl- 
glycol dinitrate, trimethylene glycol dinitrate, etc., endure heating 
for days at a time in a covered weighing glass at 75°C. without de- 
composing, and even nitroglycerine only begins to give off acid vapors 
under these conditions after some days, nitromannite at 75°C. 
evolves nitrous gases after a few hours and decomposes. 

Nitromannite is not very flammable, and is only fused locally by 
the spit of a fuse, without being ignited. On the other hand with a 
somewhat longer contact with a flame, as from a match, which 
gives a local overheating, detonation occurs readily with a sharp 
report. 

On gradually heating a small sample in a beaker in a bath of molten 
metal the material decomposes even at 150°C. and gives off copious 
red fumes, without deflagrating. With somewhat larger quantities 
there is a deflagration at 160 to 170°C. 

Sensitiveness to shock. This is rather high, and about the same 
as that of nitroglycerine. Under the 2 kg. weight detonation occurs 
at a drop of 4 cm. It is also rather sensitive to frietion. 

Energy content. The oxygen balance of nitromannite is -4-7.1 per 
cent. It decomposes according to the following equation: 

C B HsN<0, B = 6CO s -{- 4HsO + 3Nj + 0 2 , 

and with a heat of formation of 185 Calories its calculated heat of 
explosion is 1468 Calories per kilogram at constant volume and water 
liquid, or 92 per cent of that of nitroglycerine, while Sarrau and 
Vieille 52 found 1512 experimentally. From this the temperature of 
explosion can be calculated as 3340°C. 

VehcUy of detonation. This has been measured by Berthelot at a 
density of loading of 1.5 and at about 4 mm. diameter as 7000 meters 

S1 Beilstein, Handbwh, 4ed., vol. I, p. 543. 
" C. R., (1881), 93, p. 269. 
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per second. 63 Without any particular compression in an iron pipe 25 
mm. internal diameter and 5 mm. walls, at a density of 0.9 the author 
found by the Dautriche method a velocity of detonation of about 
5600 meters per second. With highly compressed material Kast 
found 8260 meters per second at a density of 1.73 and a diameter 
of 12.8 mm." 

On account of the high price of the raw material mtromannite as a 
brisant explosive or as an addition to other explosives has not come 
into use. As a cap charge it could be considered only in place of 
other base charges, but not as a top charge, because it has too low a 
sensitiveness to flame and is not an initiator. A top charge of mer- 
cury fulminate or lead azide can be used to detonate it. Any such 
use is difficult on account of its high sensitiveness to shock. More- 
over its chemical stability does not seem to be sufficient for any 
practical use. 

GLYCERINE-SUGAR NITRATE 

Although a discussion of the varieties of nitrosugar can no more 
be included in this book than the nitric esters of the other carbo- 
hydrates, such as nitrocellulose and nitrostarch, since it deals only 
with nitroglycerine and homologous nitric esters of the pure alcohols, 
in closing there should not be left unmentioned a product having 
a great similarity to nitroglycerine, used as such in the United States 
and Germany during the World War for a time, and which has at- 
tained a certain degree of importance." This is a solution of nitrated 
saccharose in nitroglycerine, obtained by the nitration of ordinary 
sugar, refined cane or beet sugar, dissolved in glycerine. 

The pure nitrates of saccharose are very difficult to purify on 
account of their peculiar physical properties, and to bring into a state 
of good stability. They soften on gentle heating and pass into a 
peculiar resinous, tough condition, so that the traces of decomposition 
products which facilitate the decomposition catalytically cannot 
escape. Furthermore their chemical stability appears to be lower 
than that of nitroglycerine on the basis of chemical structure. In a 
state of solution, on the other hand, for example in nitroglycerine, the 

63 Ann. ckim. phys., 6, p. 556 (1885). 
"Z. anpew. Chem., (1923), p. 74. 

64 The use of this was started in the United States in 1911 and has continued. 
— Translator. 
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nitrosugars can be comparatively easily stabilized to a high degree, 
making a practical use of this mixture possible. 

Bjorkmann 55 nitrated a solution of 23 parts of glucose in 75 of 
glycerine. English patent 17221 (1911) issued to Cocking and 
Kynoch Ltd. protected a process of nitrating a mixture of any con- 
venient composition of glycerine and ordinary sugar, purifying the 
product of the nitration when in a state of low viscosity, as in solution 
in nitroglycerine, and using it as an explosive. 57 Finally United 
States patent 1149487 (1915) describes the nitration of glycerine- 
sugar solutions. In the United States the duPont de Nemours 
Powder Company, even before the World War, used an explosive oil 
called "nitrohydrene," obtained by the nitration of a solution of 20 
parts of sugar in 80 parts of glycerine, as a substitute for nitroglyc- 
erine. This is said to have caused a saving in the expensive glycerine 
or to have made the glycerine go further. 

In Germany the scarcity of glycerine during the World War led 
to the use of the same process, and this type of nitroglycerine, so to 
speak, was used for some time in mining explosives. However, since 
the saving in glycerine did not amount to more than 12 to 14 per cent 
and the acid consumption was higher, on account of the unfavorable 
nitrating conditions of the sugar, the lower degrees of nitration of the 
sugar being washed out, it was given up. 

Preparation of the glycerine-sugar solutions 

Finery pulverized refined sugar dissolves rather easily in hot glyc- 
erine, while large crystals dissolve slowly. 58 Solutions containing 80 
parts of glycerine to 20 parts of sugar, and 75 glycerine to 25 sugar can 
be easily prepared, but in the proportion of 70:30 solution is not 
complete, and in this case the syrup obtained is so viscous even when 
hot that its use involves practical difficulties. Moreover the nifcro- 
glycerine-nitrosugar solution obtained is the more viscous and difficult 
to stabilize the higher the sugar content of the glycerine. 

Denaturing sugar. If it is a question of avoiding a government 

64 English patent 2483 {1880). 

" Also English patent 2836 (1911). 

" The ordinary table grade of refined sugar is used in the United States, 
a few per cent of refined glucose being added to prevent crystallizing when 
shipped out during cold weather— Translator. 
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tax on edible sugar or to protect the sugar from theft, denatured 
sugar oan be used for nitration. The addition of 0.2 to 0.3 per cent 
of cresol, for example, makes the sugar inedible and does not interfere 
with the nitration in any way. The small amount of cresol, 0.06 in 
an 80/20 glycerine-sugar solution if 0.3 per cent cresol is used in the 
sugar, is nitrated, and the nitrocresol remains in the nitroglycerine or 
dissolves in the spent acids. 

Nitration. Nitration is done in exactly the same way and with 
the same acids and quantities of acids as with glycerine, and shows no 
peculiarities. The separation is also smooth. 

Washing, This, on the other hand, requires a great deal of atten- 
tion, as the product forms emulsions easily, which when once formed 
are very difficult to break. By using moderate air agitation forma- 
tion of emulsions can be avoided, and after the soda wash moderately 
concentrated common salt solutions (about 10 per cent) can be used 
to facilitate the separation of the wash waters and oil. 

Naturally these provisions require a longer period of stabilization 
than with pure nitroglycerine. As a rule the soda wash must be 
somewhat more intensive than with nitroglycerine to obtain the 
same Abel heat test. Frequently repeated treatment with soda is 
necessary. The higher viscosity of the oil is responsible for this. 
However, it is not difficult to obtain an Abel test of twenty-five 
minutes at 72°C, and sixteen to eighteen minutes at 82°C. 

Yields. With the 80 : 20 mixture the yields are about 2 10 per cent 
with a nitrating temperature of 20 to 25°C, whereas nitroglycerine 
gives 227 per cent, and about 214 per cent at 15°C, nitroglycerine 
giving 230 per cent. With the 75 : 25 mixture 206 per cent is obtained 
at 25°C, and 210 per cent at 10°C. 

N itrogen corUent. With the 80 : 20 mixture the nitrogen content of 
the oil is 18.05 to 18.10 per cent, and with the 75:25 mixture 17.90 
to 17.95 per cent. 

Viscosity. The oils are appreciably more viscous than nitro- 
glycerine. For example, the product of the nitration of the 75 : 25 
mixture is more than twice as viscous as nitroglycerine. The time 
taken for 5 ec. to run out of a 10 cc. pipette at 20°C. is: 

Nitroglycerine 

Nitrohydrene, 80/20 "!!!!!!!""!!!!! 21 

(or 86 per cent nitroglycerine-14 per cent nitrosugar) 
Nitrohydrene, 75/25 34 

(or 82 per cent nitroglycerine-18 per cent nitrosugar) 



THE HOMOLOGOUS NITRIC ESTERS 



253 



Specific gravity. The specific gravity is somewhat higher than 
that of pure nitroglycerine, for example : 

Specific gravity at S0°C. 

Nitroglycerine 1 . 596 

Nitrohydrene 80/20 1 . 605 

Nitrohydrene 75/25 1.612 

Degree of nitration of the nitrosugar. If a nitroglycerine yield of 
225 per cent is assumed, the 210 per cent of nitrohydrene obtained 
would correspond to 180 parts of nitroglycerine and 30 parts of 
nitrosugar. Assuming a heptanitrosugar containing 14.9 per cent 
nitrogen, such a mixture consisting of 86 per cent nitroglycerine and 
14 per cent nitrosugar, would theoretically have a nitrogen content 
of 18.00 per cent. Assuming an octanitrate with 15.95 per cent 
nitrogen it would be 18.10 per cent. With this small difference and 
the unavoidable experimental error in analysis, it must remain un- 
certain what degree of nitration is assumed by the sugar in general. 
Here the yield on sugar amounts to only about 150 per cent. Tlie 
theoretical yield for heptanitrate is 192 per cent, but it must be 
remembered that the conversion of sugar into the highly nitrated 
stage is in no way complete and that portions of the lower degrees of 
nitration are formed, which it is possible arc more easily soluble and 
remain in part dissolved in the acids and arc in part washed out during 
the washing process. 

Explosive strength. The explosive strength of nitrohydrene comes 
very close to that of nitroglycerine. With 10 grams in a glass tube 
under sand tamping the author found a lead block expansion as 
follows : 

Nitroglycerine 550 cc, 100 per cent 

Nitrohydrene 80/20 533 cc, 97 per cent 

Nitrohydrene 75/25 514 cc, 94 per cent 

and 10 grams under water tamping gave: 

Nitroglycerine 595 cc, 100 per cent 

Nitrohydrene 80/20 560 cc, 91 per cent 

Nitrohydrene 75/25 535 ec, 90 per cent 

92 per cent nitroglycerine blasting gelatine 5£)5 cc 

92 per cent nitrohydrene 80/20 blasting gelatine 615 cc. 

75 per cent nitroglycerine guhr dynamite 320 cc 
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75 per cent nitrohydrenc 80/20 gubr dynamite 320 cc. 

65 per cent nitroglycerine gelatine dynamite 385 cc. 

65 por cent nitrohydrene 80/20 gelatine dynamite 395 cc. 

Chemical stability. The chemical stability of nitrohydrenc is con- 
siderably less than that of nitroglycerine, particularly at high tem- 
peratures. If after stabilizing to a thirty minute potassium iodide 
test it is stored for a long time, the test gradually diminishes, even 
at room temperatures, and after weeks or months it becomes acid, 
and finally starts to decompose. The higher the temperature of 
storage the more rapid this process. (See table 19.) Nitroglycerine 
withstands these temperatures for weeks at a time without decom- 
position. At 75°C. nitrohydrenc decomposes after one day, while 



TABLE 10 

Chemical stability of nitrohydrene 
Storage at 45°C, 10 grams in loosely covered weighing bottles 





SO/20 

KrrBOHYBREKE, 
ORIGINAL TEST 
TWENTY-FIVE 
MINUTE B 


75/25 

NITROHTDRKNE, 
ORIGINAL TEST 

MINUTES 




10 days 
18 days 
24 days 


5 clays 
10 days 
12 days 




Complete decomposition after 



with nitroglycerine decomposition does not set in until several days 
have passed. 

The Gem lan railroad regulations for explosives require that whole 
cartridges withstand storage at 75°C. for forty-eight hours without 
any visible sign of decomposition products such as nitrous gases, 
a requirement easily fulfilled by nitroglycerine preparations like guhr 
dynamite and blasting gelatine, provided that thoroughly stabilized 
nitroglycerine is used. 

Guhr dynamite and gelatine, made with nitrohydrene, when in 
cartridges, on the other hand decomposed after twenty-four to 
thirty hours at 75°C. and evolved red fumes. However, cartridges 
of gelatine dynamite, carbonit, and nobelit containing nitrohydrene 
in place of nitroglycerine withstood this test for forty-eight hours 
without decomposing, and were stored at 50°C. for more than six 
weeks, finally showing only a slight reddening of a moist blue litmus 
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paper. These explosives contained considerable wood meal or cereal 
meal, both of which are constituents apparently acting as stabilizers, 
since they absorb the first traces of decomposition products or react 
chemically and destroy them. This avoids the catalytic acceleration 
of the decomposition by the decomposition products when the latter 
arc retained in the mass, and the fife of the explosive is thereby con- 
siderably increased. 

Diphenylamine as a stabilizer. Better still arc very small ad- 
ditions of diphenylamine, which is admirably suited for the stabiliza- 
tion of smokeless powder, since it readily takes up the nitrous acid. 

Nitrohydrene 80/20 or 75/25, containing only 0.1 to 0.2 per cent 
of diphenylamine, was stored for seventy-five days at 55°C. without 
undergoing decomposition. The samples merely showed a coloration 
and became dark green, a phenomenon which also occurred but to a 
less extent with a check sample of nitroglycerine containing the same 
quantity of diphenylamine. After seventy-five days the nitroglyc- 
erine still had a slight odor of diphenylamine, but the nitrohydrene 
smeUcd slightly acid, somewhat like sour milk, but not like nitrous or 
nitric acid. 

Similar samples of 100 grams each of the above nitrohydrene con- 
taining 0.1 per cent diphenylamine have been stored by the author 
for more than eight years in diffuse daylight at room temperatures, 
about 20°C. So far they have remained unchanged, have no acid 
odor and show no signs of decomposition. Their nitrogen content 
is still 18.03 and 17.77 per cent for the 80/20 and 75/25, respectively, 
the effect of the diphenylamine upon the analytical results having to 
be taken into consideration. From this it is evident that nitrosugar 
dissolved in nitroglycerine, although its stability does not reach that 
of the latter, is sufficiently stable for practical purposes, particularly 
in the presence of stabilizers. 

Any possible commercial use of this fact in the future will be a 
question of the price difference between glycerine and sugar, together 
with the most advantageous and improved nitrating methods. 

Nitration of glycol-sugar solutions 

Tests on the nitration of solutions of sugar in glycol gave the fol- 
lowing results : 

At 80 to 90*0. solutions of 25 parts of sugar and 75 of glycol, or 
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even 30/70 solutions were formed without difficulty. On long stand- 
ing at ordinary temperatures a portion of the sugar crystallized out. 

The 80/20 solutions remained liquid when cold, with only a slight 
separation- 
Nitration and washing corresponded to conditions with glycerine- 
sugar mixtures. 

Nitrogen 

Yields : _ . 

•per cent fur cent 

80/20 Gly col-sugar 199.5 17.9 

75/25 Glycol-sugar 195.0 17 8 

With the same acids and at the same temperature glycol gives 216.5 
per cent nitroglycol. It is evident from the nitrogen calculation that 
here also the nitrosugar is nitrated to the hepta stage. 



Nitration of glucose-glycerine, and lactose-glycerine solutions 

Solutions of grape sugar or milk sugar can be nitrated with results 
similar to those obtained with glycerine-saccharose solutions. Grape 
sugar dissolves in glycerine more readily than docs milk sugar or beet 
sugar, and with it solutions of 40 parts of grape sugar to 60 parts of 
glycerine can be formed. On the other hand, milk sugar is con- 
siderably more difficult to dissolve in glycerine than is beet sugar. A 
solution of 20 parts of it in 80 parts of glycerine can be formed at 100 
to 105°C, but on cooling it crystallizes to a soup of crystals. 

Nitration of glucose-glycerine solutions form mixtures of nitro- 
glycerine and pentanitroglucose, or an oil containing 18.20 per cent of 
nitrogen in the case of an 80/20 mixture. Lactose-glycerine solutions 
on nitration form mixtures of nitroglycerine and octanitrolactose. 

These mixtures also do not differ appreciably in explosive strength 
from that of nitroglycerine. In stabilization, particularly with the 
glucose solutions, the formation of emulsions should be even more 
carefully avoided than in the case of the saccharose solutions. 

Note by translator. In the United States the Trauzl lead block as a test, 
for explosives has not been employed for many years. In its place the bal- 
listic mortar has been used by the industries, and the ballistic pendulum by 
the Bureau of Mines. The former determines strength of an explosive by 
the recoil of the suspended mortar as it discharges a projectile, the latter 
measures the strength of an explosive by the swing given to a suspended cannon 
which receives the tamping and gases issuing from a mortar. The latter is 
not used widely by the industries on account of the expense of operation. 
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Another difference in the United States is the requirement by tbe consumer 
of explosives of a much higher "gap test" between exploding cartridges than 
is prevalent in Europe, probably more than twice as high as a general average. 
Higher "gap test" means greater sensitiveness, and the latter means less 
chance of misfires when foreign material is accidently placed between car- 
tridges in the borehole. 

Also, no blasting caps smaller than the No, 6 arc sold in the United States, 
and there is a constantly growing consumption of the No. 8 size. This gives a 
larger margin of safety when using explosives which may not be up to stand- 
ard, due to age or improper storage. 

The nitrometer used for the determination of NO evolved from nitrates 
has a compensator bulb filled with dry air r so that barometer and temperature 
corrections need not be applied to the readings, the compensator exactly 
equalizing these- This makes for more rapid determinations. 

The average size of cartridges in the United States is probably larger than 
in Europe. Probably about 80 per cent of the total explosives here are sup- 
plied in the form of x 8 inch sticks, and the production of cartridges 5 and 
6 inches in diameter by 8 to 16 inches long is constantly increasing, due to the 
growing demands of well-drilled quarry holes. 

The consumption of cordeau is rapidly increasing for the same reason, as 
it gives more reliable simultaneous detonation of a large series of holes than do 
electric caps with their multiplicity of connecting wires. 

A more astonishing development in the last few years has been the con* 
stantly increasing number of cartridges per 50-pound box, or the decrease in 
the density of the cartridged explosive. This has grown from a maximum of 
270 1J x 8 inch cartridges per 100 pounds a few years ago to 500 recently. This 
low density of explosive makes for a less concentration of the explosive at the 
back of the borehole in coal mining, and a greater distribution of pressure 
against the walls of the hole, making less fine dust and more lump coal. 
Another result has also been that a ton of coal has been produced by the use 
of these explosives with less actual explosive than formerly. 

Greater limits of velocity of detonation of permissible explosives seem to 
be in use in the United States than in Europe. For example, permissible 
explosives aB tested by the Bureau of Mines have velocities of detonation 
from 4640 feet persecond (1,415 meters per second) to 13,680 feet or 4,155 meters 
per second. 
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CHAPTER XVIII 



The Use of Nitroglycerine 

About 1864 Alfred Nobel began to introduce nitroglycerine as an 
explosive on a large scale. Soon numerous accidents both in trans- 
portation and use forced consideration to be taken of means of avoid- 
ing the danger in handling the liquid nitroglycerine. 

Transportation was in sheet metal cans, packed in boxes. Any 
leak in such a can was always a source of great danger, because of the 
high sensitiveness of the oil to shock, and any leakage was difficult to 
clean up on account of non- volatility and insolubility in water. 

Mowbray, who was using nitroglycerine as an explosive at about 
this time in North America (Massachusetts) in the construction of the 
Hoosac Tunnel, met this transportation danger by furnishing the 
nitroglycerine in a frozen condition in sheet metal containers, in which 
it was thawed just before use. The probability of leakage or spilling 
was very much less, and the low sensitiveness to shock of the frozen 
nitroglycerine was an advantage. Such use continued in America for 
several years after the discovery of dynamite, and as Gutmann states, 
could only be uprooted with difficulty on account of the conserva- 
tism of the English race. 

Nobel mixed the explosive oil with 15 to 20 per cent of anhydrous 
methyl alcohol, and thus reduced its sensitiveness to shock consider- 
ably. However, this was the only advantage of this inconvenient 
and little economical precaution. The methyl alcohol had to be 
washed out by water before use, which required an undesirable hand- 
ling of the explosive oil just before use at the point of consumption. 
Other similar proposals to render nitroglycerine less sensitive for 
transportation received little attention for this reason. 

In the blasting itself the liquid condition was a source of incon- 
venience and danger. It was difficult or almost impossible to load 
horizontal or upwardly inclined boreholes. The danger of spilling 
at the point of consumption was always present, and finally the nitro- 
glycerine found its way into fissures in the rock, where it escaped 
explosion, and perhaps burned and formed injurious gases, or sub- 
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sequcntly exploded on removing the broken rock by a pick, or in 
drilling new boreholes in the vicinity, and so was a frequent source of 
accidents. 

In England, as the result of the creation of a testing commission in 
1874, the use of liquid nitroglycerine was absolutely prohibited, and 
such use disappeared also in Europe and only continued, as previously 
mentioned, in America. 

Even in 1866 an accident at the Krummel Plant revealed the 
absorption of nitroglycerine by kieselguhr to form a solid, plastic 
mass, and the preponderating and soon overwhelming use of nitro- 
glycerine in the form of a powdery or plastic mass, which could be 
packed into paper cartridges and these in turn in cartons and boxes 
dates from this time. This formed an explosive which was safe for 
transportation, storage, handling and loading into boreholes in a very 
convenient manner. 

From the crumbly, plastic mass formed of a mixture of nitroglyc- 
erine and kieselguhr, which first received the name of dynamite, the 
name spread to other brisant explosives containing nitroglycerine 
as the main component. Today in a broad sense the word dynamite 
is understood to cover all moist powdery, plastic or gelatinous explo- 
sives which contain nitroglycerine as the main explosive. 

A second and no less significant use of nitroglycerine was found in 
the eighties of the previous century in its employment as a propellant, 
by the discovery of the artillery powders ballistit and cordite, smoke- 
less powders containing nitroglycerine, which were horn-like, gelati- 
nous masses consisting mainly of nitroglycerine and nitrocellulose. 
The enormous significance of this method of using nitroglycerine, and 
its irreplaceability in modern warfare, was only revealed by recent 
wars, mainly by the World War. 

CLASSIFICATION OF NITROGLYCERINE EXPLOSIVES 

In a stricter sense of the word the dynamites, or nitroglycerine 
explosives, will be divided for the purpose of convenience into the 
following groups : 

1. Dynamites, (a) Dynamites with a chemically inactive base, 
like guhr dynamite, (b) Dynamites with a chemically active base, 
such as mixtures containing wood meal, charcoal, saltpeters, etc. 

2. Blasting gelatines, or colloids of nitroglycerine and soluble 
nitrocellulose. 
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3. Gelatine dynamites, or gelatinous mixtures in which the blasting 
gelatine has added to it absorbents consisting of saltpeter and wood 
meal for the purpose of tempering its action. 

4. Low-freezing or non-freezing dynamites, in which the nitroglyc- 
erine is either partially replaced by aromatic nitrocompounds, or 
wholly or partially replaced by related, explosive nitric esters such 
as dinitroglycerine, dinitrochlorohydrine, tetranitrodiglycerine or 

nitroglycol. 

5. Permissible dynamites with nitroglycerine as the essential 
component or explosive. These, on account of special components, 
have the property of not igniting fire damp and coal dust. Here also 
there is a differentiation between powdery mixtures in which the 
nitroglycerine is merely absorbed, versus gelatinous mixtures in which 
the nitroglycerine has previously been converted to a gelatinous 
condition with collodion nitrocotton. The latter are called permissi- 
ble gelatine dynamites. Naturally such explosives contain less 
nitroglycerine than the true dynamites and gelatine dynamites. 

6. Explosives with a low nitroglycerine content. Here the main 
object of the nitroglycerine is to increase the sentitiveness to detona- 
tion and to ensure propagation of explosion. These are further 
divided into: 

(a) Kxplosives for rock, containing ammonium nitrate, chlorates 
or perchlorates as the main explosives, with about 4 per cent of 
nitroglycerine. 

(b) Permissible explosives with oxidizing salts as the basis, and 
4 to 12 per cent nitroglycerine. These are powdery or so-called semi- 
plastic explosives. 



CHAPTER XIX 



Powdery Dynamites 
dynamites with a chemically inactive base 

Guhr dynamite 

Kieselguhr dynamite was the first nitroglycerine explosive and was 
the first step in the development of the industry of the brisant explo- 
sives. It received its name from Alfred Nobel, who discovered the 
high absorbency of kieselguhr for nitroglycerine in 1866 and so pro- 
vided the generic name for most of the high strength dynamites still in 
use today. 

On the European Continent it is usually called dynamite No. 1, 
and in America giant powder No. I. 1 Except for slight variations it 
contains 75 parts of nitroglycerine, absorbed in 25 parts of kieselguhr, 
per 100 parts of dynamite. 

Although it develops a small amount of energy in comparison to 
its high nitroglycerine content, being inferior in this respect to 
gelatine dynamites of lower nitroglycerine content, and has therefore 
for a long time not been considered in Germany a rational explosive and 
has not been used for many years, nevertheless it is still asked for and 
exported to several countries. The ready displacement of the nitro- 
glycerine from the kieselguhr by water makes it less suited to wet 
climates and wet boreholes. On the other hand, in hot climates such 
as Northern Chile, Asia Minor, etc., it has been used up until recent 
times. Perhaps its complete physical permanence even on long 
transportation and long storage in hot zones has been the reason for 
this, whereas with the colloided gelatine dynamites a reduction in 
sensitiveness has frequently been observed under the same conditions, 
regarding which more will be said at the proper place. 

Kieselguhr. The first kieselguhr used in dynamite plants was 
discovered in the Luneburg fields in the Province of Hannover, and 
was characterized by its exceptional purity. Kieselguhr also occurs 

1 Although the translator entered the explosive industry in 1911 he haB 
never yet seen any guhr dynamite in the United States. 
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in many other places, as in North America, Scotland, France, Italy, 
and in considerable quantities in Norway. 

It consists almost entirely of shells of diatoms, hence the name of 
infusorial earth, and can absorb and firmly retain liquids by capillary 
action of the tube-like structure. Its color varies from pure white 
to gray and yellow-green. The color is mostly due to iron oxide, 
and on roasting changes to a rose-red or dull orange color, but with 
many varieties the color remains almost white or dull red. 

Since silicic acid, in addition to the above-mentioned impurities, 
forms the major portion of kieselguhr, mainly in the hydrated form, 
it is first subjected to a gentle roasting in a reverberatory furnace or 
muffle to remove the excess moisture and organic impurities before 
use in dynamite. 



TABLE 21 

Analyses of air-dried and anhydrous, calcined guhr 





QUETR NO. 1 

(aib dhikd) 


ODHH NO. II 


Sid 


pit cent 

94.3 
2.1 


percent 

96.34 


MgCO, 


AhO, 


1.50 


FezO, and AljOj 


1.3 


Fe^Oi 


0.50 




04 




Cat) 


1.64 


H*0 


1.9 







For dynamite only the finest grade, roasted, so-called white 
levigated kieselguhr, free from sand, is used, because particles of 
sand cause dangerous friction in the machine packing of dynamite 
cartridges. 

After roasting, which should not be done at too high temperatures, 
since otherwise it will become "dead burned'' and its absorbency 
suffer, and cooling, the lumpy guhr is put into roller mills where it 
is reduced to a fine powder. It is then passed through a shaker 
screen, packed into tight sacks and used immediately, so that it will 
not again absorb moisture. 2 

3 See Guttmann, Die Industrie der Ezplosivsloffe (1S95), p. 101, for further 
details on the preparation of kieselguhr. 
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Escales 3 gives two analyses (see table 21), one for air-dried (accord- 
ing to Sanford) and another for anhydrous, calcined guhr (according 
to Hagen). The giihr should not contain aluminium sulphate, be- 
cause this can affect the stability of the dynamite unfavorably. In 
order to render the color of the dynamite independent of the kind or 
guhr and the roasting process of a few per cent of burned ochre or 
caput mortuum are added to it. 

Manufacture of guhr dynamite. The mixing of the nitroglycerine 
with the kieselguhr is done in large wooden troughs or boxes about as 
high as a table, occasionally lined with sheet lead. It is given a pre- 
liminary mixing by wooden shovels or by hand, and the mass, consist- 
ing of coarse lumps, moist and dry particles, etc., is rubbed by hand 
through a coarse screen of about If meshes per centimeter into a 
second box. The screen consists of a wooden frame whose bottom 
is covered with a brass wire screen. The moist lumps are thus 
broken up and mixed with the dry particles. The rather uniform 
appearing mass is then turned over by shovels and put through a 
somewhat finer screen having about 3 meshes per centimeter into the 
first box. This second screening gives it the required fine subdivision 
and complete homogeneity. 

The finished mix should be loose and crumbly, like fresh earth from 
the garden. It should appear neither too wet nor too dry, and should 
allow no nitroglycerine to be recognized. In no case should it appear 
distinctly moist. Its proper appearance is a matter of experience and 
practice. If it is too dry it is difficult to press into the cartridges 
because not slippery enough. If it is too moist the dynamite greases 
everything and shows a tendency to leak nitroglycerine and wet the 
cartridge paper, because the pressure of cartridging presses the oil 
out of the capillaries of the diatomaceous earth. 

Since the absorbency of the guhr is not always uniform but varies, 
and good guhr generally gives a too dry dynamite when used in the 
proportion of 25 : 75, the properties arc regulated by adding a poorer 
absorbent or a non-absorbent to maintain the nitroglycerine content 
uniform at 75 per cent. Such additions are heavy spar or tale, pow- 
dered chalk or magnesium carbonate, the latter also being able to 
neutralize any traces of acidity which may have formed. A small 
amount of calcined soda or sodium bicarbonate is often added for the 
same purpose. 

3 Escales, Nitroglycerin und Dynamit (1908), p. 197. 
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Cartridging the dynamite. The use of loose masses of dynamite in 
mining should be prohibited by law everywhere. For loading bore- 
holes the dynamite comes in the form of short, cylindrical cartridges 
10 to 12 cm. long and 20 to 30 mm. in diameter. Diameters of 23 
and 25 mm. are usual for the high strength nitroglycerine explosives. 
The cartridges are wrapped in parchment or paraffined paper, usually 
made in the dynamite plants by passing paper from an endless roll 
through a bath of molten, soft paraffin or a mixture of paraffin, rosin 
and talc. After cooling the paper should be coated with a rather 
hard but flexible film of 20 parts paraffin, 60 parts rosin 4 and 30 parts 




Fig. 25. Cartridge Packing Machine 

talc. Paraffined paper forms a better protection against moisture 
than the more expensive parchment, and today is used almost 
everywhere. 

In Germany red paper is prescribed for all explosives to be used in 
rock, to differentiate them from permissible explosives, the latter 
being in white or gray paper. Either intermittent or continuous 
cartridging machines, as described by Guttmann 5 arc used. In the 
former the entire cartridge is pressed at one time into the prepared 

4 Guttmann, Die Industrie der Exj>lasiv$toffe, p. 487, figure. 
* Guttmann, Die Industrie der Exjriosivstoffe, p. 482. 
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shell, while with the latter a continuous strand is formed, which from 
time to time is broken off into the desired lengths and wrapped in 
paper. This assumes a plastic condition of the mass. For dry, 
powdery dynamite or explosive mixtures only the intermittent 
method can be considered. Figure 26 represents a cartridge press 
which is much used. 

Another intermittent press much used in many German plants is 
that shown in figure 26. It can be immediately understood from the 
drawing. Here the cartridge meets no pressure, the operator merely 




Fig. 2<i. Cartridge Packing Machine 

holding the shell in his hand and the whole charge is pressed in at 
once, whereupon the cartridge is folded over by hand at the top. 
Particular value is placed upon neatly made, well closed folds. 
Instead of the metal funnel a linen bag is often used, and washed 
out from time to time or else renewed. 

Guttmann describes a continuous eartridging machine which he 
himself built. 6 (Fig. 27.) Guttmann recommends this press for 
rapid work and safety, since at each motion of the lever the pressure 
exerted is always smaller than in the case of intermittent presses. 

6 Industrie der Exvlosivslo-ffe, p. 484. 
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In the United States of North American most of the presses used 
for loose dynamite (not gelatine) are automatic, pneumatic 7 ear- 
tridging machines wholly constructed of wood. 8 They consist of a 
rotatory member having four leaves or so-called shuttles, each shuttle 
holding 24 shells. 9 The empty cartridge shells are placed 10 upon 
the horizontal shuttles, the latter is then rotated to a vertical position 
by a quarter turn, and the dynamite packed in from a funnel above. 
On another quarter turn the filled and crimped cartridges are brought 
to a horizontal position. They are then picked up and packed into 




Fig. 27. Cartridge Packing Machine 

boxes. With the help of this machine two operators can turn out 
relatively enormous quantities of packed powder, greater than is 
usual in Europe. 11 

7 An error. They are mechanically driven.— Translator. 

8 Not entirely of wood, but as far as practical to do so .— Translator. 

9 Each shuttle holds either 25 or 30 empty shells.— Translator. 
1 D Placed mechanically .— Tr anslator . 

"With the so-called "Hall Machines" an output per day of 40,000 poundB 
{18,000 kg.) of U x 8 inch {31.75 mm. x 20 cm.) cartridges with two operators 
is not unsual. Sec United States patent 899592.— Translator. 



I 
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Moreover, in recent times machines have been constructed which 
automatically produce cartridge shells in great quantities. Such 
shell machines, which are complicated and expensive, can only be 
considered for large plants and large outputs. 12 




Dynamite Cahtridgino Machine 
United States patent 899592 



The cartridge paper cut by special cutting machines is in the form 
of an oblique rectangle, about 3 em. shorter on one side than on the 
other. This gives a better closure of the cartridge. 

Packing of the dynamite. Two and one-half kilograms of dyna- 
mite cartridges (in England 5 pounds) are packed in a pasteboard 

18 See diagram of Ayer Shell Machine, page 272. 
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carton and retained in position by corrugated paper to prevent 
shaking. Up to the time of the World War this was a requirement 
in Germany. The rectangular pasteboard cartons are usually made 
right at the plant by cutting and stitching, and are closed by a 




Dynamite Cabtkidging Machine 
United States patent 8995G2 



suitable cover. Often they have a shape such that on folding to- 
gether the flap forms the cover. 

The cartons are wrapped in water-proof or ordinary paper and tied 
with string. In Prussia red wrapping paper is prescribed for car- 
tridge paper for dynamite packing and for all non-permissible explo- 
sives, in order to differentiate from the permissible explosives, which 
are packed in gray paper. 
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Machine for Making Paper Shells 



United States patent 1575894 



POWDERY DYNAMITES 



273 



If the dynamites contain hygroscopic salts, particularly ammonium 
nitrate, ordinary, rather porous paper is used and the whole carton 
quickly dipped into a hot paraffin bath by means of a lever and cage, 
the temperature of the bath being about 80°C, so that it is thickly 
covered and well protected against moisture. 

Ten of such cartons, or 25 kg., are placed in a wooden box, 13 
whose size corresponds exactly to the size of the cartons. The boxes 
should not have iron bands around them, and as a rule do not have 
iron nails. 14 Wood, brass, zinc or galvanized nails are used. Up 
until the World War the German railroad regulations prescribed 
projecting ears or reliable handles on the front of the box. 

Chemical and physical properties of guhr dynamite 

The chemical properties of guhr dynamite, like other mechanical 
mixtures of explosives, are governed by those of the constituents. 
The identification of guhr dynamite is very simple. A sample is 
digested with dry, pure ether, filtered from the kieselguhr, and the 

ether allowed to evaporate in a warm place at 30 to 40°C. If a drop 
of the oil remaining is taken up on blotting paper, placed on an anvil 
and struck with a hammer the resulting detonation shows the pres- 
ence of nitroglycerine. Also the determination of the specific 
gravity (1.60) and the nitrogen content by the Lunge nitrometer 
(18.40 to 18.50 per cent) identify the nitroglycerine. If a drop of 
nitroglycerine is dissolved in concentrated sulphuric acid, and shaken 
with a dilute solution of potassium iodide-starch paste to which zinc 
shavings and dilute sulphuric acid have been added, a blue color is 
formed . If a few drops of nitroglycerine are dissolved in concentrated 
sulphuric acid, the solution poured into an excess of water, and a few 
drops of this put on the surface of a solution of some diphenylamine 
in concentrated sulphuric acid a deep blue color is formed- These 
reactions naturally are also produced by other nitric esters, such as 
nitroglycol, dinitrochlorohyorine . 

The quantitative analysis will be considered at the end of this 
section. 

Physical properties. Kieselguhr dynamite is a reddish-yellow, 
or if colored with ochre, a deep reddish-brown, odorless, erumbly- 
plastic mass, having a consistency somewhat similar to fresh earth. 

u Cartons are seldom used in the United States. — Translatob. 

M Only galvanized iron nails are used in the United States. — Translator. 
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Guhr dynamite is not hygroscopic and attracts no moisture from 
moist air. On direct contact with water it has the property of allow- 
ing the nitroglycerine in it to be displaced by the water, separating 
the former in a liquid form. This process goes on slowly but surely, 
so that the penetration of water is a source of danger and wet dyna- 
mite is dangerous, since in wet boreholes the exuded nitroglycerine 
can under certain conditions escape into fissures and not be detonated 
by the explosion of the charge. On cleaning up with the pick, or on 
additional drilling in the vicinity, such nitroglycerine can be exploded 
mechanically and cause accidents. 

Herein lies the fundamental physical difference between guhr 
dynamite and other loose dynamites on the one hand, and the 
gelatinous dynamites on the other hand. Nitroglycerine is converted 
into a kind of a solid state by collodion nitrocotton, also called 
merely collodion cotton, from which it cannot be displaced by water 
even by long contact. 

Guhr dynamite shares the other physical properties of nitroglyc- 
erine, and naturally has a physiological action causing headache and 
being poisonous. Dynamite freezes at temperatures below 10°C, 
particularly readily at moderate winter temperatures, and the car- 
tridges then form masses almost as hard as stone. The frozen dyna- 
mite is almost white. Often freezing occurs only after a long time, 
sometimes after a short time or after a few days, but always on long 
transportation in winter or during storage in winter in unheated 
buildings. 15 

For this reason with storage above ground in Germany there is 
probability of freezing for six months of the year. Guhr dynamite is 
much easier to freeze when in small quantities than is liquid or gelat- 
inized nitroglycerine. Blasting gelatine seems to freeze the slowest. 

Dynamite when once frozen thaws only very slowly because of 
its poor heat conductivity. For this reason the individual cartridges 
must be carefully thawed in kettles containing warm water. These 
consist of double walled, galvanized iron vessels filled with warm 
water at a maximum temperature of 70 D C. The exterior and cover 
are protected from too rapid cooling by insulating materiaL 

Yolatilily in the heal. Oh account of the low volatility of nitro- 
glycerine any evaporation of it from dynamite under ordinary 

" Regarding freezing see Escales, Nitroglycerin und Dynamit, p. 211. 
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conditions as from cartridged or packed dynamite, need not betaken 
into consideration, even at elevated temperatures. On the other 
hand, if it is spread out loosely the fine distribution and the increased 
surface exposed favor the volatilization of the nitroglycerine appre- 
ciably. At 40°C. a considerable amount volatilizes, even in a few 
days. At 70°C, when in a thin layer on a watch glass, all the 
nitroglycerine is lost by evaporation from dynamite after 100 hours, 
according to Hess. 

Explosive character 

Stability and stability tests. If guhr dynamite is made from fully 
stabilized nitroglycerine the dynamite is entirely stabile, and can be 
stored an unlimited time, even in tropical eliminates, without any 
chemical change. 

In the so-called Abel heat test with potassium iodide-starch papers, 
on the other hand, dynamite behaves differently and shows the 
reaction in a much shorter time than the nitroglycerine from which 
it is made. This is due to the greater surface of the nitroglycerine 
when in the form of loose dynamite, and the con.sequently increased 
valorization. Apparently it is the vapor of nitroglycerine which 
dissociates at the temperature in question and colors the test paper. 

This is supported by the fact that nitric esters of higher volatility 
than nitroglycerine, such as nitroglycol and trimethylene glycol 
dinitrate, in spite of their greater chemical stability on hot storage at 
75°C, color the test paper in a much shorter time than nitroglycerine. 

For this reason the dynamite itself is not tested, but the nitro- 
glycerine is first separated by water and then subjected to the pre- 
viously described Abel heat test- According to Knglish regulations 
it must withstand this at leatet fifteen minutes at 71°C. (160°F.) 16 

For the investigation of a large number of daily samples in a works 
laboratory Oscar Hagen gives the following directions for displacing 
the nitroglycerine and making the test. 17 

"As many test tubes, each with a funnel placed on it, arc arranged on a 
test lul»c rank as there are dynamite samples to be tested. The test tubes are 
14 to 15 cm. high and 16 mm. in diameter- Each has a conical cork stopper, the 

! *Escales r Nitroglycerin xtnd Dijnamit, p. 206; Guttmann, Industrie der 
Es-plosivstoffe, p. 651 - 

17 Report, Analyt. Ckern., p. 1 (1886); Escalee, p. 207- 
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upper, smooth surface being marked to distinguish the samples. The funnels 
have a total length of about 8 cm., a neck about 1.5 cm. long and 3 mm. wide, 
and are about 17 to 18 nun. wide. The neck is loosely closed by a wad of pure 
blotting paper the size of a pea. The dynamite cartridges are thawed if frozen, 
and cut as finely as possible, one after the other, by a sharp, wooden spatula 
on a glass plate, crushed, and each funnel filled with the pulverized mass 
from one cartridge. Packing the dynamite in the funnel requires some prac- 
tice. If compressed too much the tube is closed up and penetration of the 
water prevented. If compressed too lightly water and nitroglycerine run 
through together into the test tubes beneath, and new samples must be pre- 
pared. After all the funnels have been filled to four-fifths of their capacity 
in this way they are then filled up to the rim with distilled water at 90°C. 
The hot water causes a much faBter filtration than cold water. The penetra- 
tion of the water layer can be readily observed in the light colored dynamite, 
since it forms a sharply defined zone. When about 2 cc. of clear, water-free 
nitroglycerine haB collected iu the test tube the funnel iB removed. With 
proper manipulation filtration of all the samples should be completed in 
thirty to forty minutes. The papers are then hung, the stopper a placed in 
position, and the tubes placed in the water bath. The cartridges are num- 
bered, likewise the corks of the test tubes. With a well washed nitroglycerine 
the ensuing heating to 80°C. causes no discoloring of the paper after the lapBe 
of an hour. The reaction, if any, appears first at the lino between the moist 
and dry portions of the paper. In the presence of traces of acid this is shown 
as a light brown line, which on longer action of the acid vapors or with greater 
amounts of acid becomes wider and a deeper brown, finally passing into a 
blue." 

Sensitiveness to shock and friction. Guhr dynamite is not quite as 
sensitive as liquid nitroglycerine to shock between hard metallic 
surfaces, but it nevertheless detonates easily between iron and iron or 
even between iron and other metals. Blows of wood on wood are 
ineffective. In the falling weight test with a 1 kg. weight a height 
of 12 to 15 cm., and with a 2 kg. weight a height of only 7 cm. is 
sufficient for detonation, according to Will. Frozen dynamite is 
less sensitive, and with a 1 kg. weight requires a fall of more than 
1 meter, and with a 2 kg. weight at least 20 cm. Also friction 
between hard, rough surfaces easily causes detonation. However, 
the sensitiveness to concussion is not very high, since dynamite, 
particularly when in cartridges or in whole boxes, withstands very 
rough handling. The plastic mass is soft enough to be able to absorb 
even a considerable shock or blow without exploding. Whole 
dynamite boxes have been thrown off quarries 30 to 40 meters high 
without any more damage than breaking the boxes and partly 
crushing the dynamite to a pulp. 
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Firing into dynamite cartridges placed on a wooden support by a 
rifle only a short distance away causes an explosion every time, 
according to Guttmann up to a distance of 60 paces, the velocity of 
the projectile naturally having some influence. Frozen dynamite in 
such a case is also much more insensitive and can be detonated only 
at short distances from the rifle. 

Ignition. Small quantities of loose dynamite burn quietly when 
in contact with a flame or a spark. A fuse has even been put into 
a whole box of dynamite and lighted. The gases burst off the cover 
and the contents burned without explosion. However, this is an 
experiment which cannot be repeated with any guarantee of harm- 
less results. If large quantities of dynamite catch fire the propaga- 
tion of heat to adjacent particles increases to such an extent that the 
possibility of an immediate explosion must be taken into consideration. 
Explosion also occurs if the burning dynamite is enclosed in a metal 
or other container. If a dynamite cartridge is placed on a heated 
plate explosion within a short time can be counted a certainty. 

Deflagration point. If a small quantity (0.1 to 0.2 grams) of 
dynamite is heated in a beaker on a bath of molten metal deflagration 
occurs above 180°C. on gradual heating, but in the ordinary method 
of making the test, at 20°C. rise per minute, deflagration occurs at 
195 to 200°C. with a sharp report 18 after first yellow, then red vapors 
have been emitted at about 175°C. 

Detonation by initial impulse. Complete detonation is eaused by 
even a weak initial impulse, i.e., by the weakest of the ordinary blast- 
ing caps, a No. 1 . Guhr dynamite, like all mixed dynamites having 
a liquid ungelatinized nitroglycerine, is highly sensitive to an initial 
impulse. 

Velocity of detonation. The velocity of detonation of guhr dyna- 
mite is of a very high order, varying with the density and diameter, 
but it does not attain the highest value obtained under the most 
favorable conditions with liquid nitroglycerine or blasting gelatine. 
Bichel gives 6800 meters per second, 19 Kast 6650 meters at a maxi- 
mum practical density of 1.50. 20 At lower densities of loading (1.30) 
in an iron pipe 34 mm. internal diameter the author found 5650 
meters per second. Guhr dynamite made from nitroglycol gave 
6000 meters per second under the same conditions. 

18 Kast, Spreng- and ZuTuhUtffe, p. 22. 

" Untersuchungsmethoden fur Sprengstoffe, Berlin, W. Ernst & Sohn, 1902. 
H KaBt, Spreng- und Zundstojfe, p. 70 (1921). 
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Energy content. The energy content as measured in the calori- 
melric bomb (or heat of explosion) naturally amounted to three- 
fourths of that of nitroglycerine, since the chemically inactive 
absorbent does not take part in the decomposition, or about 1200 
Calories per kilogram with water as a liquid. Escales found 1170 
Calories, and Kast 1090 Calories with water as a vapor. 

The gases of explosion of all dynamites having chemically inactive 
absorbents are the same as those from nitroglycerine. One kilogram 
of guhr dynamite gives 536 liters of gas on explosion. 

Explosive strength and brisance. Dynamites with an inactive 
absorbent are naturally less brisant than liquid nitroglycerine and 
give a lower effect than the quantity of nitroglyeerine present would 
be expected to give when compared with the effect produced by 
liquid nitroglycerine or blasting gelatine. The heat developed is 
distributed to the decomposition products and the indifferent absor- 
bent material, which at constant volume has about the same specific 
heat (0.19) as the gaseous decomposition products of the nitro- 
glycerine. 

Naturally the temperature of explosion is also lower than that of 
nitroglycerine. According to Escales it goes up to about 3000°C. 
According to Brunswig it is 3160°C., to Kast 3420°C. For nitro- 
glycerine Escales calculated from the Heise data 3160°C, and from 
the Brunswig data 3470°C. Kast found the much higher figure of 
4250 D C. 

The inert admixture on the one hand hinders the passage of the 
wave of detonation, and does not permit the maximum velocity of 
detonation which is reached under favorable conditions by nitro- 
glycerine, but on the other hand the pulverent condition and the 
enclosed air favors the passage of the wave of detonation, as was 
brought out in the consideration of the ease of explosion of the 
various liquid nitric esters, so that the initial velocity of guhr dyna- 
mite is higher, and such a low velocity as is attained under certain 
conditions with liquid nitroglyeerine, as with small diameters and 
slight confinement, is never found with guhr dynamite. 

Lead block expansion. According to the above a lower lead block 
expansion would be expected than that corresponding to the quantity 
of nitroglycerine present, as compared to the expansion given by 
liquid nitroglycerine. Ten grams of liquid nitroglycerine under 
sand tamping give a net expansion of 550 cc. Ten grams of 75 per 
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cent guhr dynamite under sand tamping give a net expansion of 320 
cc. By a proportion the 7.5 grams of nitroglycerine present would 
lead one to expect 410 cc without the damping effect of the inert 
ballast, but it should be remembered that the lead block figures do 
not increase exactly proportionately to the quantities used, but in 
a geometrical proportion, particularly at high values. 

Under water tamping, which gives higher valueB, the comparative 
lead block expansions were obtained which are given in table 22. 
The explosive effect per unit weight of nitroglycerine is therefore 
reduced 14 to 18 per cent by the inert, heat-absorbing absorbent. 

Propagation of detonation. Guhr dynamite shows strikingly the 
property of simultaneous explosion of separated cartridges when 
only one is detonated (intentionally). The test of propagation of 
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Comparative lead block expansions 
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detonation over a space is one of the most characteristic and most 
important tests in the practical manufacture of most explosives. 

The presence of liquid nitroglycerine, finely subdivided in the 
pulverent explosive mixture, always ensures reliable propagation of 
detonation unless the opposing effect takes place from too great an 
admixture of desensitizing materials. 

Cartridges of guhr dynamite 30 mm. in diameter can propagate 
detonation over a space of 30 cm. between cartridges- 

Blown-oul or burned shots. With proper detonation of dynamite 
the gases formed on explosion, namely, carbon dioxide, nitrogen, 
water vapor and some oxygen, are not injurious to health or poison- 
ous. On the other hand, in actual practice the charge occasionally 
burns slowly in the borehole, giving a so-called blown-out shot- In 
this case there is not complete decomposition of the nitroglycerine 
molecule. The nitric acid radical does not give off all of its oxygen 
of account of too low a temperature, and nitric oxides are formed, 
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the simple oxide, NO, forming the very poisonous nitrogen dioxide, 
N0 2 , when in contact with the air, Moreover a further result of 
incomplete decomposition is the formation of poisonous carbon 
monoxide. In such a case a reddish-yellow vapor escapes from the 
borehole, which is injurious to the miner if inhaled. A typical case 
of this in aetual practice has been described by Jacoby and His in 
two medical articles. 21 
The causes of blown-out shots may be as follows : 22 
Too weak caps, such as those rendered unsuitable by moisture, 
firing by means of percussion caps alone without blasting caps, or 
improper placement of fuse and cap in the charge so that the explosive 
is ignited by the fuse before explosion of the blasting cap and partly 
burns before explosion due to the blasting cap. Also the use of 
frozen dynamite, or plugs of drillings between the various cartridges, 
can cause partial or complete blown-out shots. If the shot blows out 
at first the gas pressure formed subsequently in the borehole, with 
the rise in temperature resulting, can lead to explosion. In any 
case poisonous gases are formed. The proposed preventative formed 
of cartridges which give off oxygen {German patent 185363) cannot 
be wholly effective, and they are seldom used, because the correspond- 
ing increased cost can be better applied to furnishing perfect blasting 
caps and fuses. Properly placing and tamping the shot, after careful 
cleaning of the borehole from drillings, is also a most effective means 
of avoiding blown-out shots. 

Frozen dynamite. In cold weather dynamite cartridges freeze to a 
hard, firm mass, as stated previously, into which the blasting cap 
cannot be forced, and which moreover cannot be detonated by mere 
cap initiation. On the other hand, by placing a charge of a brisant 
explosive on top of it it is possible to secure detonation. According 
to Guttmann such a brisant explosive may be gun cotton saturated 
with nitroglycerine. Here there is a certain parallel with the ease of 
detonation of other highly brisant explosives when in a similar, 
crystallized, hard condition. Thus highly eompressed eharges of 
other explosives, which in a pulverent state are easily detonated by 
a blasting cap, such as charges of compressed ammonal, a mixture of 
ammonium nitrate, aluminium powder and trinitrotoluene, or cast, 
crystallized trinitrotoluene-ammonium nitrate mixtures such as were 

11 Z. Schiess- u. Sprengstoffw. (1907), p. 261. 

22 Wappler, Jahrb, f. Berg- u. H-uttenw. im Komgr. Sachsen (1887) p. 31. 
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used to a great extent during the World War for filling brisant 
grenades, also cast charges of trinitrotoluene or picric acid, both of 
which detonate easily when in the form of a loose powder, require a 
stronger initial impulse to detonate them, or a so-called priming 
charge. 

Such priming charges, used in artillery shells, which are in turn set 
off by a blasting cap, are not suitable for practical use because frozen 
cartridges lack the necessary plasticity and cannot be placed in the 
bottom of a borehole easily and without dangerous friction. 

Frozen dynamite cartridges must therefore be carefully thawed, 
which is done in the warm water cans previously described (Nobel 
Cans 25 ). In no case should thawing be done over an open flame, 
near stoves or hearths, or by contact with hot objects such as steam 
pipes, etc. Countless accidents have been caused by careless thaw- 
ing of dynamite cartridges. Statistics show that most of the acci- 
dents in using dynamite occur in the cold part of the year. 

It is not always possible to prevent frozen cartridges being given 
the miners, because frequently the outside cartridges in a carton are 
soft while in the center they are still wholly or partly frozen. In 
mining operations explosives magazines are often below ground, 
where the temperature is sufficiently high at a suitable depth to pre- 
vent freezing, or to thaw dynamite frozen during transportation. 
Heating magazines above ground by hot water is expensive and not 
always possible. Thawing takes time, in spite of suitable apparatus, 

and is inconvenient. 

For many uses of dynamite, such as road construction, driving 
tunnels, shafts by the freezing process, engineering work in the moun- 
tains, such as cutting water-ways, it is therefore best to have recourse 
to non-freezing types of dynamite in the eolder parts of the year, or 
from October to April. Such dynamites are eoming into use more 
and more. 

In itself frozen dynamite is less sensitive to mechanical influences 
than a plastic dynamite, as would be expected from a theoretical 
consideration, and this has been confirmed by exact tests. On the 
other hand, according to the observations of Hess, dynamite in a 
half-frozen state, or in the transition stage, is more sensitive and 

" See Escales, Nitroglycerin und Dynamit, p. 215, "Dynamite Thermo- 
phores;" also Osltrr. Z. f. Berg- u. Hiittenw. t vol. 49, No. 17; and Mitteil. Ge- 
gejusl. Art. u. Geniewesen (1901), No. 10. 
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dangerous. With the slight friction involved this circumstance is 
not easily understood, and the author has frequently crushed by a 
wooden hammer blocks of nitroglycerine frozen in a test tube together 
with glass, or frozen cartridges, with suitable protection for himself, 
without causing an explosion. In carrying out such a test great pre- 
cautions are advised, however. 

DYNAMITES WITH A CHEMICALLY ACTIVE BASE 

The oldest process of allowing nitroglycerine to be absorbed by 
a combustible or explosive substance, is due to Nobel himself, who 
filled sheet zinc shells with blaek powder and poured in nitroglycerine 
to saturate it. The shells were closed by a cork stopper. 24 

Gun cotton dynamite, proposed about 1867 by both Trauzl and 
Abel, is in the class of the oldest dynamites having an active base. 
Trauzl's dynamite consisted of 73 per cent nitroglycerine, 25 per 
cent gun cotton and 2 per cent charcoal, and was sold in a moist 
state, containing about 15 per cent of water. In this condition it 
detonated with a strong blasting cap and propagated detonation 
well. Its products of explosion naturally contained carbon monoxide. 
Abel saturated a mixture of potassium nitrate and gun cotton with 
nitroglycerine and called the product "Glyoxilin." 

Schultze in 1868 proposed a mixture of wood nitrocellulose and 
nitroglycerine, called "Dualin." 

Under the same name Dittmar patented a mixture of 50 per cent 
nitroglycerine, 30 per cent nitrated sawdust and 20 per cent saltpeter. 

The gun cotton dynamites had a highly brisant effect, but nat- 
urally a low density. With the discovery of gelatine dynamites they 
were soon almost completely abandoned. 

The mixed dynamites (called simply dynamite in the United 
States) in which the nitroglycerine was absorbed in a mixture of wood 
meal, or occasionally charcoal in part, and saltpeter instead of the 
incombustible kieselguhr, attained considerable importance, the 
proportions bet ween saltpeter and combustible material being usually 
but not always so chosen that only carbon dioxide, nitrogen and water 
vapor were found in the gases of explosion, with no carbon monoxide, 

which naturally was of great importance in underground work. 



Dingkr's Polytechn. Journ., January 1, 1864 
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Such dynamites, having a typical composition as follows: 

■per cent 

NitroglyL-erine 40 

Sodium nitrate 45 

Wood meal 12 

Carbonate and moisture 3 

100 

Oxygen balance -J-9.35 



are much used in Austria, France and America, and up to the present 
time have been widely used in the United States under the name of 

"Straight Dynamites.'"' 
In European mining it can be said that they have been gradually 

replaced by gelatine dynamite, which is less sensitive to moisture 

and more dense. 

German mining at present no longer knows any representatives of 
this type, and the Prussian police regulations of Kebruary 1, 1923, 
which embody regulations for explosives for Prussian mining, permit 
only gelatine dynamite. 

Liquid nitroglycerine is used in Germany and England in the so- 
called semi-plastic permissible explosives to the extent of about 12 
per cent of the mixture. At first kieselguhr was still added to ensure 
absorption. 

The variations and the degrees of strength due to varying nitro- 
glycerine content are innumerable, and only a few of the more im- 
portant compositions given by Guttmann and Escales will be given 
in table 23. French dynamite No. 0 is similar in composition to 
Atlas Powder, containing 74 per cent nitroglycerine and 26 per cent 
wood meal. Based upon anhydrous wood meal and the latter 
calculated as cellulose, it contains 28.6 per cent oxygen less than is 
required for complete combustion, and consequently on explosion 
gives considerable quantities of carbon monoxide and hydrogen. 
The lead block expansion amounts to about 410 cc. net, and the Hess 
lead block is crushed 19 mm., as with gelatine djTiamitc. The den- 
sity is about 1.40. 

Of the mixtures given in table 23 the one having the highest explo- 
sive strength is llhexit, with an oxygen deficiency of only 1 1 per cent, 
a lead block expansion of 385 cc. net, a crushing effect of 20 mm., and 
a density of 1.54. The effect is therefore about the same as that of a 
gelatine dynamite of similar composition, but explosives of this kind 
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TABLE 23 

Variations and degrees of strength of dynamite due to varying nitroglycerine 

content {after Gvllmann and Bscales) 



RUE X IT (according tq dii.lkk) 


MEGAWTT 






per cvn\ 




percent 


Nitroglycerine 




. 64,0 






Wood mould 




. 11.0 


Nitrated wood pulp . 


... 10.0 


Wood meal 




. 7.0 


Nitrated ivory nut meal 


... 10 0 








Sodium nit.rnlp 


on n 






CARBONIT (AUCOWHKC TO 


IUT AND BICHET.) 


STONIT (ACCORDING TO SCHMIDT AND BICHEL) 






per rent 




per cant 


Nitroglycerine 




25 0 






Wood meal ..... 




40.5 


Kieaelguhr 




Sodium nitrate 




34.0 


Wood meal 




Soda 




. 0 5 


PotftNAll ITY1 nilratu 


a n 








HERCULES POWDKJ* (AMERiCA)* 


VULCA-V POWDKtt (AMERICA) f 






per cent 




per cent 






. 40.0 










45.0 


Sodium nitrate 




Wood pulp 




11 0 


Sulphur 




Sal t 




. 1.0 






Magnesium carbonate 




1.0 






Moisture 




2.0 






SAFETV AifTUO POWDER {AMERICA)! 


ATLAS POWDER fAMEHinAjJ 






per ce/U 




pirctnl 






69.0 


Nitroglycerine , 


. 75.0 


Sodium nitrate 




18.0 


Wood fiber 


. 21.0 


Wood pulp 




13.0 


Sodium nitrate 


. 2.0 






Magnesium carbonate 


2 0 



* This composition is no longer sold under this name, although similar com- 
positions having a better oxygen balance and less moisture are very widely 
used. 

t This is no longer known in the United States. 

t These are no longer known in the United States. For many years no 
dynamite except a gelatine dynamite has been allowed to contain more than 
60 per cent nitroglycerine, on account of danger of exudation.— Translator. 
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are very sensitive to moisture and in wet rock allow nitroglycerine to 
escape, which can give the troubles mentioned previously. 

The cheapness and simplicity of manufacture should be noted, 
as it avoids the use of the always expensive collodion nitrocotton for 
conversion of nitroglycerine into the form of a gelatine. The nitro- 
glycerine in its liquid but finely divided form ensures propagation of 
detonation and a highly brisant effect in such mixtures rich in nitro- 
glycerine, and consequently high velocity of detonation, while 
desensitization, such as can occur in a too stiff gelatine, does not come 
into consideration. 



TABLE 24 

Compositions of French ammondynamites 





AMMONDYNrVMlT 


1 


2 


2a 


Nitroglycerine 

Ammonium nitrate 

Wood or cereal meal 

Charcoal ; 


jwrr cent 

40 
45 
5 
10 


prr ccnl 

20 
75 

5 


■per crnt 

22 
75 

3 




100 


100 




Lead block expansion 

Lead block crushing 


+0.75% 
400.00 cc. 
22.00 mm. 

1 38 ; 


+9.7% 
335.0 cc. 
15.5 mm. 

1.20 


+7.8% 
330. 0 ce- 
16.0 mm. 
1.33 



These dynamites arc made in the same way as guhr dynamite, by 
simply mixing the nitroglycerine with the absorbent mixture. They 
are loose, moist, greasy powders which should allow no oil to exude on 
gentle pressure. Paraffined cartridge paper is used for the shell, 
which does not allow the nitroglycerine to exude. The pasteboard 
cartons holding the cartridges are wrapped in paper and dipped into 
a bath of hot, melted paraffine to protect them from moisture. 

A particularly strong representative of (his type was the so-called 
ammondynamite, 25 in which ammonium nitrate is used as the oxygen 
carrier instead of potassium or sodium nitrate, and on account of its 

" Called "ammonia dynamite" in the United States. — Tkansl\tor. 



286 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



entire decomposition into gases without leaving any solid residue it 
gives a particularly favorable gas pressure. Naturally all these 
mixtures, like all ammonium nitrate explosives, are particularly 
sensitive to moisture. 

The French ammondynamitcs have the compositions shown in 
table 24. 

In this connection there should be mentioned the rock explosive 
still much used in America called Monobel, 26 consisting of a mixture 
of 80 per cent ammonium nitrate, 10 per cent nitroglycerine and 10 
per cent wood meal, having an oxygen balance of 4.35 per cent, a 
lead block expansion of about 350 cc, a lead block crushing effect of 
12 mm. and a density of about 1.15. This explosive belongs to the 
class of typical ammonium nitrate explosives rather than the dyna- 
mites. With ammonium nitrate explosives the same effect is ob- 
tained even with low nitroglycerine contents. It therefore comes 
into consideration only in a country where nitroglycerine is a com- 
paratively cheap product and the nitroglycerine content is of little 
importance for transportation requirements. 

In Germany such explosives as Monolxd or Ammondynamit No. 
2 are not used because the specific effect of the nitroglycerine is no 
different from that also obtained from ammonium nitrate explosives 
containing only small quantities (4 per cent) or no nitroglycerine, 
and the latter have the advantage of absolute safety in handling and 
in being permitted on the railroads as packages without restriction. 



18 Monobols in the United States arc permissible explosives for use in eoal 
mines, and have some use in quarries. — Translator. 



CHAPTER XX 



Blasting Gelatine 

An epoch-making advance over guhr dynamite and mixed dyna- 
mites, and a climax of all Nobel's inventions probably not yet out- 
ranked, was the discovery in 1875 of the gelatinizing of nitroglycerine 
by collodion cotton (soluble nitrocellulose), i.e., the preparation of a 
plastic, elastic colloid, a solid solution of nitrocellulose in nitro- 
glycerine. The desired handy, solid form was thus obtained in a 
state of very high energy concentration, absolute stability and per- 
manence in the presence of moisture, and of the most favorable 
chemical composition, since the mixture was the best from the 
physical and explosive point of view and at the same time had those 
proportions in which the oxygen excess of the nitroglycerine was 
balanced by the oxygen deficiency of the nitrocellulose, thus giving 
the highest chemical energy development by complete combustion 
and avoiding injurious products of explosion. 

A gelatine composed of 8 parts enneanitrocellulose and 92 parts 
of nitroglycerine fulfills these conditions of complete combustion to 
carbon dioxide, water and nitrogen. 

Nobel patented his discovery in almost all civilized countries. 1 
The preface of the Swedish patent, which gives all the important 
points of the epoch-making discovery in a concise form, is shown 
here as a translation by Escales : 

"As ib well known, nitroglycerine in a liquid form has been found too dan- 
gerous for commercial use. On account of this danger I have invented dyna- 
mite, i.e., nitroglycerine absorbed in very porous materials. However, dyna- 
mite has only two-thirds the strength of nitroglycerine and is spoiled by 
contact with or under pressure of water, because the liquid nitroglycerine is in 
this way displaced from the dynamite. For this reason I have attempted 
to give the nitroglycerine a Bolid form in another way. I attain this object by 
a gelatinization process. This is done by dissolving in the nitroglycerine, 
gently heated on a water bath, nitrocellulose such as is used in the preparation 
of collodion. The explosive liquid thereby becomeB more or less vibcous, and 

1 German patent 4829, see also Introduction; British patent 4179 (1875); 
Swedish patent of July 8 ( 1876. 

287 



288 



NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



after it has absorbed 6 to 7 per cent of its weight of nitrated vegetable fiber it 
attains a rubbery or gelatinous consistency, particularly well suited for in- 
dustrial purposes. However, I do not limit the solution to the above compo- 
sition, because for various purposes various degrees of hardness of the ex- 
plosive are required, and the degree of hardness depends upon the relative 
amount of dissolved, nitrated vegetable fibers. In the gelatinization of the 
nitroglycerine care should be taken that (1) this liquid contains no impurities 
which will prevent it from dissolving nitrated cellulose when warm and affect- 
ing it adversely, (2) that only readily Boluble nitrocellulose is used, and (3) 
that solution of the nitrated cellulose, especially if the latter be matted 
together, is facilitated by working and kneading the mass. 

"The gelatinized nitroglycerine can be easily pressed into cartridges or 
given other shapes." 

The gelatinized nitroglycerine so obtained has the composition 
90 to 93 per cent nitroglycerine and 7 to 10 per cent collodion cotton. 
It has been called "blasting gelatine," and is the strongest and most 
brisant of all practical explosives hitherto used, finding its main use 
in the toughest and most solid rock. It has also found use in the form 
of a thinner gelatine, poorer in collodion cotton, as the basis of an 
endless series of gelatinous, plastic explosives of very many grad- 
uated strengths and degrees of brisancc, commonly called gelatine 
dynamites 2 but which have sometimes other names depending upon 
origin and particular characteristics. Their high density is quite 
general, as well as comparatively high insensitivencss to moisture 
and relatively high brisancc, depending upon the nitroglycerine 
content. Moreover, explosives permitted in the presence of fire- 
damp and coal dust have been prepared on a gelatinized nitroglyc- 
erine basis, having a 25 to 50 per cent content of the latter, depend- 
ing upon the requirements of brisance and degree of safety in fire- 
damp. 

MANUFACTURE OF BLASTING UELATINB 

Collodion cotton 

Collodion cotton, the ether-alcohol soluble form of gun cotton, is 
not a uniform, chemical substance, but a mixture of various degrees of 
nitration of cellulose, usually the octa-,ennea- and dccanitroceltulose : 

per cento/ 
nitrogen 

CjJIjsOi ,{OXO t ) 8 with 11-11 

C«H sl O„(ON0 2 )9 " 11.97 

C 2 ,II 3D OiotON0 2 )i« " - 12.75 



2 r*.jllfil simnlu "trf 1 1 f 1 n r*" in i.hf T'nif-.fH States — Tn *WRT.*TOR. 



BLASTING GELATINE 



289 



In general the range of collodion cotton is between 11.1 and 12.5 
per cent nitrogen content . 

According to Lunge 8 nitrocellulose soluble in ether-alcohol is 
obtained by nitrating cotton with a mixture of equal parts of nitric 
and sulphuric acids containing 17 to 18 per cent of water, the solu- 
bility increasing with rising temperatures of nitration, while on the 
other hand the time of nitration must be limited at elevated tem- 
peratures. According to Guttmann 4 the customary nitrating mix- 
ture is 1 part of cotton to 25 to 30 parts of an acid mixture containing 
equal parts of 75 per cent monohydrate nitric acid, specific gravity 
1.44, and 96 per cent monohydrate sulphurie acid, specific gravity 
1.84. Such a mixture contains 37.5 per cent HN0 3 , 48 per cent 
HaS0 4 and 1 4.5 per cent H 2 0. Nitration takes one to one and a half 
hours at 40°C. 

A part of the spent acid is removed, and a part is revivified by an 
acid mixture high in nitric acid and low in water, i.e., brought back 
to the original composition. The amount of this revivifying mixture 
used depends upon the concentration of the acids available. 

Nitration can be done in stone jugs, as in the manufacture of gun 
cotton, but it is usually done directly in nitrating centrifugals, in 
which the spent acid is separated immediately after nitration and 
displaced by water for the greatest possible recovery of the valuable 
nitric acid. Displacement can also be done first with sulphurie acid, 
followed by water. Neutralization, boiling and pulping in Hol- 
landers, and stabilization are processes well known in the manufacture 
of gun cotton. 

The governing factors are: (1) Concentration of the acid mixture, 
(2) Temperature of nitration, (3) Time of nitration. 

High concentrations and long times have a tendency to form 
highly nitrated, slightly soluble nitrocellulose, while high tempera- 
tures give lower degrees of nitration. Regulation of these three 
factors makes it possible to obtain collodion cotton of the desired 
composition and solubility. 

Specifications for collodion cotton. The following properties of 
collodion cotton are important in the manufacture of blasting gela- 
tine and gelatine dynamite: chemical stability, solubility, viscosity, 

3 Z. angew. Chem., (1906) p. 2051. 

* Industrie der Explosivstojfe, p. 361; Z. angew. Chem. (1907), p. 262. 
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gelatinizing powers with nitroglycerine, combining power with 
nitroglycerine and nitrogen content. 

Stability test. One gram of dry collodion cotton is subjected 
to the Abel test at 72°C. as described under Nitroglycerine Manu- 
facture. The reaction should not occur within fifteen minutes. 
In England only ten minutes is allowed. In Prussia a period of 
twenty-five minutes at 80°C. is required for collodion cotton or gun 
cotton intended for the manufacture of smokeless powder. Well 
stabilized collodion cotton will usually withstand the test at 72°C 
longer than thirty minutes. 

A number of yeara ago it was customary In some factories to use very small 
quantities of corrosive sublimate in the manufacture of nitrocellulose. This 
waB done because it has been observed that nitrocellulose in a moist slate, 




Fig. 28. Spectogkaphic Determination of Mercury in Explosives 

as packed, stored and sold, waB attacked by certain bacteria- The corrosive 
sublimate was said to prevent the activity of these bacteria, render the nitro- 
cellulose antiseptic and prevent the formation of mould on the sacks. It was 
reduced to mercury by the fibers and present as such in the collodion cotton 
and the explosives made from it. The readily volatile mercury, even when 
present in small quantities, masked the test reaction, since it formed iodide 
of mercury with iodine separated from the test paper containing potassium 
iodide and starch, which iodide of mercury remained invisible in the small 
quantities corresponding to the sensitiveness of the iodine-starch reaction. 
Such added materials as mask the Abel test and render it useless are therefore 
forbidden by the authorities in countries where particular importance is placed 
upon this test, as in England and its colonies. 

Even the slightest contamination of nitrocellulose by mercury can lie recog- 
nized very simply by the spectroscope, by placing the sample in an evacuated 
tube having two legs joined together by a capillary tube, each leg having a 
platinum wire fused into it* The vessel is evacuated, heated in a water bath, 
the capillary Ic) brought before a spectroscope and a spark from an induction 
eoii passed through it, the presence of mercury making itself known by themcr- 
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cury spectrum, a yellow double line, a strong green line and two weak violet 
lines (fig. 28)_ 

A still more delicate test which makes traces of mercury visible which could 
l>e shown in no other way, is by heating to drive out the mercury vapors and 
precipitating them on a pure gold plate, which has an enormous attraction for 
these vapors, drawing them out of the surrounding air. This contaminated 
gold sheet is then heated in the apparatus descri!>ed above. The spectroscopic 
test, with the use of a large spectroscope, a good vacuum and a sufficiently 
narrow capillary, is so extremely sensitive that it must l>c used in a special 
room, because in every chemical laboratory considerable mercury vapor is 
present, enough to contaminate the gold sheet in a short time and at least 
render the green line of the mercury spectrum visible.* 

More important t han the Abel test is the heat test at 132°C., used 
by the German Railway Administration as the official stability test 
for nitrocellulose intended for the manufacture of smokeless powder 
suitable for transportation. 

To make this test qualitatively 2 grams of dry nitrocellulose is 
heated in a glass tube 35 cm. long in a liquid bath to 132°C. and the 
time noted at which the first visible decomposition products, such 
as yellow vapors, are given off. This should not occur within one 
hour. J Jack of the test tube there is a sheet of white paper to make 
observation of the yellow vapors clearer. 

In carrying out the test quantitatively (decomposition test G ) 
the decomposition products split off within a definite time arc meas- 
ured as NO. The apparatus necessary for this and the method of 
carrying out the determination arc described as follows in the "Regu- 
lations regarding the Testing of Explosives According to Section C. 
Ia of the Railway Traffic Regulations" of the former Railway Admin- 
istration (fig. 29 a, b 7 c, d) 

The apparatus for heating the tulxvs consists of a closed copper vessel (a) 
35 cm, wide, 10 cm. deep and 25 cm. high, closed air tight by a cover (ft) Ly 
screws and soldered, also tubes (c) 20 cm. Ionpf arid 2 cm. internal diameter, 
drawn from heavy brass and ten in number, used to hold the glass tubes in- 
serted, also a thin tul>e for the thermometer (d) t and finally a copper con- 
denser {e). The device is heated by a Koch safety burner. The temperature 
is maintained constant at 132°C. Constant temperature can l)cst t>e main- 
tained by boiling Ronlly in the copper box a liquid which boils at 132°C, such 
as commercial amyl alcohol or a suitable xylene mixture. 

6 Sec also Kast, Sprcng- u. Zuwhtoffe, p. 142 (1021); DuprS and Andre, 
Arm* and ftrffaum, p. 15, 32, 47, 61 (1907); Z. Seiiiess- uml Sprcngstoffw. 
110 JO) tl . si. 

• According to lioiRiuann and Junk. 
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The glass tubes used to hold the nitrocellulose if) must be thick-walled 
and sealed at the bottom, 35 cm. long, 2 cm, external diameter and an internal 
diameter of 1.5 to 1.6 cm. They must have a mark on them at 50 cc. 

The dome consists of a glass beaker (g) 10 cm. high and 3 cm. internal diam- 
eter, with a glass tube (k) passing through it, which at the bottom swells out 
to a stopper ground into the heating tube. Above the tube in the inside of the 
glass beaker is a small glass tube (i), blown out to a bulb in the center of the 
beaker. The beaker (g) is half filled with water. 

Instead of the beaker head a bulb head of the form shown can be used. 
This is filled with water up to the lower part of the upper bulbs ffig. 29&). 







© © © rt © © © 
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Fig* 29a. German Railway Heat Test Apparatus. 
Fig. 29b. Glass Trap. Fig. 29c. Glass Trap. Fig. 29d. Plan 



In testing unstable nitrocellulose explosions are not impossible. The heat 
ing device is therefore built into a housing, in the front and back of which arc 
double glass windows 8 to 9 mm. thick, separated by round rubber strips. 

For the test only nitrocellulose well dried (at 40 to 50°C.) P with a maximum 
of 1 per cent moisture, is used. The moisture content is determined by drying 
a special sample of 2 grams for two hours at 100°C. 

Carrying out the test. Two grams of dried nitrocellulose is placed in the 
beating tube by means of a metal funnel. The portions adhering to the walls 
arc removed by jarring or by a feather. The ground stopper of the head is 
carefully greased, fitted into the tube, the top device filled with water, and the 
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tube placed in the heating device previously brought to 132°C. After two 
hours the tube is removed from the device. On account of the cooling the 
water runs from the head piece into the tut>e and saturates the nitrocellulose. 
When using the bubble tube it is necessary to add some water after the heating 
is ended, in order to cause the water to run into the heating tube. The head 
piece is then washed out, and the tube filled up to the mark and shaken vig- 
orously. The contents of the tube are filtered through a dry filter into a 
flask. The nitrogen content of 25 cc. of the filtrate is then determined after 
adding 1 cc. of normal potassium permanganate by the Schultze-Tiemann 
(Schlosing) method. In this to collect the gases a measuring tube is used 
whose upper part (10 cc.) has a smaller diameter so that tenths of a cubic 
centimeter can be read with accuracy. The volume of nitric oxide is reduced to 
0° and 760 mm. and corrected for the pressure of water vapor. The 25 cc. of 
the filtrate correspond to 1 gram of the nitrocellulose used. The amount of 
nitric oxide evolved from this quantity should not be more than 3 cc. 

The ignition point of collodion cotton, determined in the same way 
as with nitroglycerine, should be above 180°C. with 0.05 to 0.1 gram 
samples. The German railway regulations specify 0.1 gram and 
heating the oil bath from 100°C. by 5°C. per minute, so that 16 
minutes after insertion of the samples 180*C. is reached. 

Solubility in ether-alcohoL Although there seems to be no parallel 
between the solubility of a collodion cotton in ether-alcohol and in 
nitroglycerine/ in general nitrocellulose very soluble in ether-alcohol 
also dissolves well in nitroglycerine and is suitable for its 
gelatinization. 

While an absolutely clear solution of collodion cotton in ether- 
alcohol is required for photographic purposes p this is in no way neces- 
sary for the manufacture of explosives. A content of several hun- 
dredths insoluble nitrocellulose is no bar to its use for this purpose- 

Solubilily determination. Two and one-half grams of nitrocellulose is 
treated in a 250 cc. graduated cylinder having a glass stopper with 250 cc- 
ether -alcohol (1 volume absolute alcohol and 2 volumes absolute ether) for 
twelve hours with frequent shaking. To avoid lumps, which hinder and delay 
solution, the alcohol is first poured on the nitrocellulose , shaken well, and then 
the ether added gradually while shaking. After a suitable settling from the 
insoluble material, 50 cc. of the supernatant, clear solution is removed by a 
pipette to a weighed beaker and the solution allowed to stand and evaporate 
in a warm place. 8 The addition of some water facilitates the formation of a 

1 Silberrad, Z. angew. Chem. {1906), p. 2051. 

* Filtration and direct determination of the insoluble residue is impractical 
beeause the collodial solution, even after decanting the main portion and 
dilution of the residue by additional ether, is very difficult to filter. 
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pulverent residue and consequently the drying. Finally it is dried to constant 
weight at 50°C. while covered by a watch glass, cooled and weighed quickly. 
The rcsidxic, multipled by 5, represents the soluble nitrocellulose contained in 
2.5 grams of collodion cotton. 

Viscosity. Naturally the viscosity of ether-alcohol solutions of 
collodion cotton is primarily a function of the concentration. It can 
vary widely, however, even at equal concentrations, depending upon 
the method of manufacture. Since it is apparently dependent upon 
the molecular state or molecular size of the collodion cotton, it is 
more or less independent of the nature of the solvent and the viscosity 
of nitroglycerine-collodion cotton solutions runs parallel to solutions 
of collodion cotton in ether-alcohol. A high viscosity thus means 
that the required solidity of the nitroglycerine gelatine is obtained 
with a small amount of collodion cotton. 

According to Lunge and Suter 9 the viscosity has no direct relation 
to the nitrogen content, but reaches its maximum at the highest 
nitrogen content, decreases with rising temperatures of nitration and 
increasing times of nitration, and decreases with increasing water 
contents of the nitrating acids. The higliest viscosities are obtained 
with nitrating acids low in water and at short nitrating periods. 
Collodion solutions fall appreciably in viscosity in a short time if 
they cont ain only slight traces of acid. 

The viscosity can be determined in various ways, for example by 
measuring the time required for the solution to run out of a burette, 
or by measuring the time required for a hollow glass sphere or a 
bubble of air 10 to rise through the solution from a certain mark. 

In all such comparative measurements the temperatures must be 
kept constant, since the viscosity of a given solution varies greatly 
with the temperature. 

Gelatinizing power. The ability of a collodion cotton to bind 
nitroglycerine to a homogeneous, solid mass when present in small 
quantities, is measured by the so-called gelatinizing test. Escales 11 
describes this test as follows : 

Two and one-half grams of collodion cotton, after drying, is put into 40 
cc. of nitroglycerine, so that the latter contains 3.7. r > per cent of nitrocellulose. 
The mixture is well agitated in a copper cylinder and allowed to stand for ten 

• Z. angcv*. Ckem. (15)06), p. 2051. 

10 Coochius Viscosimeter, used by l\unge. 

11 Nitroglycerin und Dynamil, p. 228. 
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minutes, after which 1 cc. of a mixture of 3 parts methyl alcohol and 1 part 
acetone is added, the cylinder placed in warm water (70 to 75°C.) and stirred 
for aboat five minutes with a horn spatula. The originally thin liquid has 
then changed to a tough mass. After an additional twenty minutes the 
cylinder is removed from the water and allowed to cool. In about one-half 
an hour the gelatine must be of such a consistency that it can be lifted off the 
bottom by the spatula without losing its coherence and without leaving traces 
of nitroglycerine on the bottom. 

To the knowledge of the author this test is made in German fac- 
tories with even less nitrocotton and without the addition of a solvent. 
Two and one-half grams of finely screened collodion cotton is well 
stirred with 97.5 grams of cold nitroglycerine in a small porcelain 
casserole having a handle, the mass warmed by placing in a water 
bath at 65 °C, and kneaded twenty minutes while warm with a horn 
spatula. After cooling, the mass should separate readily from the 
porcelain as coherent lumps when taken up on a spatula. In such 
a case the gelatinizing power is called I, and a lower degree which does 
not give a coherent, cohesive gelatine with this quantity is expressed 
by the corresponding grade marks II to V. Estimation of the suita- 
bility of a collodion cotton for the manufacture of blasting gelatine 
and gelatine dynamite by this rather crude method is wholly a matter 
of experience. 12 

In any case, collodion cotton which gives a very sticky or oily, 
non-cohesive gelatine in this test presents the possibility of exudation 
of nitroglycerine from dynamite on long storage, particularly on 
warm storage. 

Improvement in gelatinizing power. The gelatinizing power of 
collodion cottons which do not give complete gelatinization in small 
quantities or even when used in larger amounts, or those which exude 
nitroglycerine during storage, such as were obtained during the war 
by nitration of wood pulp on account of the shortage of cotton, can 
be improved by certain additions, mainly the so-called Centralites, 
tetra-substituted urea derivatives, so named by the Zentralstclle fur 
wissentschafthch-technische Untcrsu chungen in Neubabclsberg bei 
Berlin, which w r as first used as a stabilizer of smokeless powder. 
This product, also used as a non-volatile camphor substitute and 
which itself can gelatinize nitrocellulose, has the peculiar property 

11 fn the United States Borne factories actually make blasting gelatine on 
a small scale in a model mixer to test the suitabUity of collodion cotton. — 
Tkanslatok. 
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of facilitating the gelatinization of nitroglycerine when present in 
small quantities (1 to 3 per cent of the nitroglycerine) and improving 
considerably the permanence of the gelatine, even when using poorly 
gelatinizing collodion cotton. 13 

Centrales 1, 2 and 3, i.e., di-ethyl-di-phenyl-, dknethyl-di- 
phenyl- and ethyl-methyl-di-phenylureas come into this considera- 
tion. These products were brought out by the firm Weiler-ter- 
Meer at Urdingen am Rhein under the name of Mollites. 

British patents 14658 of 1915 and 126056 claim the same effect in 
gelatinizing nitroglycerine by collodion cotton, and propose as general 
addition agents the substituted ureas, for improving the gelatinizing 
power. According to these patents gelatinization is facilitated and 
takes place without heating. 

Dinitroglycerinc and nitroglycol have the peculiar property of 
giving firm gelatines in a comparatively short time at ordinary 
temperatures. When using nitroglycol in place of nitroglycerine 
this is of particular importance on account of the ready volatility of 
the nitroglycol. 14 

Oh the other hand, there are substances which adversely affect 
the gelatinizing power and counteract gelatine formation, and which 
are therefore to be avoided as components of gelatine dynamite. 
Anthracene oil is in this class. When present in only a few per cent, 
it destroys the gelatine, rendering it crumbly and causing exudation 
of the nitroglycerine. 

Nitrogen content of collodion cotton. Since the collodion cotton is 

an active component of the explosives in question a high nitrogen 

content, or a high degree of nitration, is naturally desirable. The 

collodion cotton used for the manufacture of dynamite, the so-called 

dynamite cotton, as a rule has a nitrogen content of 12.1 to 12.2 per 

cent and is therefore a mixture mainly of ennea- and decanitro- 
cellulose. 

Drying collodion cotton. After preparation collodion cotton is 
separated from the excess of water by centrifuging and is usually 
stored and transported in a moist condition containing about 35 

13 German patent application C.29014/78c, April 22, 1920, 

14 On the other hand, nitr op oly glycerine gelatinizes less easily with the col- 
lodion cotton as ordinarily made, and since this type of nitroglycerine is 
used very largely in the United States the gelatinization tests are made with 
nitropolyglycerine instead of nitroglycerine.— Tk a nslatok. 
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per cent of water, in zinc-lined wooden boxes. It ia usually dried 
completely before gelatinizing. 

It is possible to carry out the gelatinization process with moist collodion 
cotton, and many factories do so, in order to save the cost of drying and 
avoid the daDger of handling dry collodion cotton. However, the presence of 
moisture hinders the process, particularly the uniform, fine distribution of the 
nitrocellulose in the nitroglycerine and so the production of an absolutely 
homogeneous gelatine, so that moist collodion cotton must be carefully rubbed 
through a comparatively fine screen to prevent the formation of lumps in order 
to obtain absolute homogeneity, or a subsequent exudation of nitroglycerine 
is to be feared. While the water is displaced from the nitrocellulose by the 
oil (nitroglycerine) during gelatinization and largely evaporated, so that the 
remainder of it does not affect the explosive unfavorably, proportioning the 
moist collodion cotton requires Borne care, since it dries rapidly in the air. 
For these reasons it is preferable to dry the collodion cotton and to incur a 
certain amount of risk in handling the dry product, and meet such a danger 
as far as possible by the best possible drying devices. 

Drying gun cotton and collodion cotton, and dry houses used 
for this purpose have been described at length by 0, Guttmann, 16 and 
up to the present time hardly anything in this process and apparatus 
has been changed. The wooden dry houses are surrounded by barri- 
cades. The collodion cotton is spread out on trays in layers 4 to 5 
cm. thick. Often the bottoms of the trays are of copper or bronze 
wire screen, connected to the ground in order to carry off the accumu- 
lated charge of static electricity. This is advisable when a constant 
current of air is passed over the nitrocellulose. 

Wooden trays are also used, on which the material is simply spread 
out, strong air currents being avoided, the nitrocellulose being dried 
gradually in heated rooms, which requires several days. The tem- 
perature should not exceed 40°C, and warm water heating is pref- 
erable. The control thermometers should be visible from the outside. 

The heaters are so arranged that the collodion cotton dust has as 
little access to them as possible. The same is true of the floor, which 
should preferably be covered with Enoleum. The door and window 
sills should be washed off daily. 

To avoid loss of heat the houses have double walls, with insulating 
material between them, such as cinder or ash. 

The whole arrangement and handling is intended to avoid as far 

l * Industrie der Ezplosivstoffe, pp. 363-368. 
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as possible any friction, since the dry collodion cotton is particularly 
sensitive to friction when warm. The workmen wear felt shoes when 
entering the room. It is also best to empty the trays only after they 
have cooled. 

With uniform conditions and uniform charges the completion of 
drying is known from experience, but this can be controlled by 
removal of samples and determination of their moisture content in 
the laboratory by heating for one hour at 100°C. If this moisture 
content is not over 0.5 per cent the collodion cotton is sufficiently 
dry, and it is then taken to an adjacent room and put through a 3 to 4 
mesh screen into boxes, not by rubbing but by a gentle shaking. 

Dry collodion cotton is hygroscopic, and absorbs up to 2 per cent 
of moisture. This, however, is of no particular importance for 
dynamite manufacture, but it is often packed in water-tight zinc- 
lined containers or water-proof sacks. In many plants it is weighed 
out into pasteboard cartons, which are covered with a pasteboard 
cover and taken directly to the gelatinizing house and used. 

PREGELATINIZING J GELATINIZING HOUSE 

If the mixing is done in heated mixers and the real gelatinization 
done here also, the mixing can be preceded by a preliminary gelatini- 
zation at ordinary temperatures, or the real gelatinization can be 
done in heated gelatinizing pans. 

In the first case the pregelatinization room contains storage tanks 
for the nitroglycerine, into which the latter runs directly from the 
wash house, and in the center or on both sides a row of rectangular, 
hard rubber lined wooden boxes on frames, holding about 25 kg., 
into which the nitroglycerine is poured from hard rubber buckets or 
hard rubber cans. The collodion cotton is then added and mixed by 
hand to a uniform paste, which is allowed to stand a longer or shorter 
time, as may be required. The last mix of the day may be allowed 
to stand over night. On standing a short time the paste remains a 
thick liquid, but on standing over night it turns into an incomplete 
gelatine, which only becomes a real solid and elastic material in the 
subsequent kneading while warm. 

The boxes are carried into the mixing house on handbarrows and 
their contents emptied into the mixer. 

Pregelatinization can also be done warm, as is customary in 
German plants. In this case there is a row of rectangular, double- 
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walled copper pans on low supports on each side of the gelatinizing 
house, through the hollow walls of which warm water at 60 to 65°C. 
passes, so that the contents reach a temperature of 45 to 50°C. 
during the course of gelatinization. 

Such a gelatinizing pan 80 cm. total height, 100 cm. wide, 135 cm. 
long, 30 cm. deep, and with a rim about 10 cm. wide, holds a normal 

charge of 1 00 kg . 

A thermometer is placed at the warm water inlet of the pan. The 
valves for regulating the flow are located at convenient points as far 
removed from the pan as possible, and are frequently cleaned of 
collodion cotton and powder dust by washing with a wet rag, as are 
the pipes and exterior of the pan. The warm water tank, which 
must be provided with automatic regulation of steam supply so that 
its contents will not rise above 70°C, is outside the building on top 
of the barricade. It is preferable to connect it to a warm water pipe 
and feed it with water at 65 to 70°C. 

The nitroglycerine and collodion cotton arc stirred in the pans by 
wooden shovels or by hand, and after completely uniform distribution 
the mixture is allowed to stand twenty to twenty-five minutes. The 
gelatine is then put into wooden troughs and taken to the mix house. 16 

MIXING GELATINE DYNAMITE 

To obtain complete homogeneity the blasting gelatine so prepared 
is well mixed in a mixing machine, where it is blended with the mixed 
absorbents in the case of gelatiue dynamite. Two types of mixers 
are used, one the George McRoberts, English type having the shape 
of a copper, bronze or brass trough in which two agitators revolve on 
vertical axes. This is much used in Kngland as well as in Germany, 
in factories which make mainly blasting gelatine and gelatine dyna- 
mite for export. It is suitable only for very gelatinous explosives 
and those high in nitroglycerine. Other German factories use mostly 
the so-called Werner-Pflciderer. 

51 In the United States a collodion cotton is made and used which does not 
require such long mixing to gelatinize. The nitroglycerine is run into the 
heated mixer and the collodion cotton added. This id mixed by the mechan- 
ical stirrer for onty a few minutes to obtain practically complete solution, the 
absorbents added, and the whole mixed to a gelatine dynamite. Collodion 
cotton suitable fur use with nitroglycerine is not suitable for nitropolygly- 
cerine mixtures, used almost universally in the United States. — Translator. 
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The Mcltoberts machine is described by (X Guttmann 17 as follows : 

"It consists of a strong frame (a) of oak, on which a false bottom {b) can be 
raised or lowered by the aid of two threaded rods {c). These latter fit into 
nuts in the side walls of the bottom and project upward as smooth shafts 
having bevel gears (e) fastened on the top. Above the apparatus a hori- 
zontal shaft (/) with two bevel gears [g) engages the vertical shafts- Turning 




Fig. 30. McRoberts Gelatine Mixer 

the handle (h) raises the false bottom by the threaded shafts. On this false 
bottom is placed a copper pan (i) 3 movable on four wheels and having a water 
jacket (?) which can be connected to a warm water pipe by a rubber hose. 
The frame is extended at the top and carries a second horizontal shaft {k} 
having a balance wheel (0 and a tight and loose pulley (m and n) and two 
bevel gears (o). The latter engage corresponding bevel gears {?*) attached 
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to the verticle shafts {g) projecting through the frame. The latter have 
finger-shaped, cross-blade stirrers (r), so arranged that the blades of the two 
stirrers move in and out of one another somewhat like a Root Blower, as is 




Tallbv Mixer 
United States patent 946475 



evident in figure 30. The operation of the machine is as follows : The carriage 
with the double-walled pan ib pushed on to the false bottom, the pan connected 
to the warm water pipes and raised into position by turning the handle until 
the stirrers are immersed. The operation then continues by the stirrers. 
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The temperature of mixing is maintained between 40 and 46°C, and the 
operation is finished within an hour. 18 



The mixing house of a large German dynamite plant contains six 
such machines, made of brass, three on each side of the building. 19 




Gelatine Mixer 
United States patent 677803 



liaising and lowering the pans is done automatically and very slowly 
by electrical drive. The charge in the pans is 100 kg. (220 pounds). 

18 Somewhat similar machines are used in the I'nited States. They do not 
have the means of sliding the healed howl in and out of position, the latter 
lieing fixed in place. They mix 600 to .'550 pounds [227 to 250 kg.) at, a time, 
aud the whole operation including preliminary gelalinization, requires less than 
an hour, sec United States patent 677803. They are now being gradually 
replaced by the so-eaHed Talley machines, which mix about 1500 pounds ^682 
kg.) in about the same time or even less and discharge mcehanicallv, sec 
United States patent 940475. 

l » United States practice has mainly limited the number of gelatine mixers 

in a building to two, and the preferred practice is one, in order to limit the 
risk. 




■ 



Fig. 31. Wehnek \nt> Pfleiderek Gkxatjne MlXEK 
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Many consider this device safer than the Wcracr-Pflciderer machine, 
since the space between the fingers of the stirrers and the walls is 
greater than between the stirrers and walls of the latter, so that a 
dangerous pinching of any hard, foreign substance such as nails, 
screw heads, etc., which might accidentally get into the explosive, is 
less probable. However, Guttmann (loc. cit.) does not exclude the 
possibiHty of heavy shocks and dangerous breakages in the Knglish 
construction. One disadvantage is the long time of mixing, amount- 
ing to about one hour for absolutely uniform mixing of the absorbent, 
while the paddles of a Werner-Pfleiderer machine mix far more 
efficiently, so that a homogeneous mixing is obtained in ten to twenty 
minutes, depending upon the velocity of rotation, assuming, however, 
that a prcgclatinization has been made in a heated pan. 

The Werner-Pfleiderer mixing machine resembles those used for 
bread-dough mixing. The bromse mixing trough is semicircular at 
the bottom, and two horizontal shafts carry two mixing blades side by 
side. Usually the trough consists of two adjacent bowls or semi- 
cylinders with a ridge between them, so that each semicylinder has 
a shaft through it. The internal construction of such a mixer is 
shown in figure 31. Usually the mixer is covered with a lead jacket 
on the outside, through which warm or cold water can be circulated 
to heat or cool it . 

The mixing blades are revolved at various speeds by corresponding 
gears, and can be driven either simultaneously or separately. 
Usually one shaft turns twice as fast as the other. 

In order to reduce the friction of the mixture on the shaft openings 
the shafts are arranged with a certain amount of play or space so 
that the mixtures which contain liquids, or thin gelatines, can always 
run through, be collected from time to time, and returned to the 
mixing. 

The drive is electrical by pulleys and transmission, the switches 
being outside the building, so that during the operation of the mixer 
no operator need be in the building, a precaution which is not 
universal. 

There should be a space of at least 3 mm. between the mixing blades 
and the bottom, so that any hard, foreign substance accidentally in 
the mass may not be pinched and develop a dangerous friction. This 
can be avoided for the most part by passing all the components of 
the mix through a screen just before mixing, either having a screen 
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directly over the gelatinizing pan or mixer or bringing the compo- 
nents from a screening room to the mix house in well covered, closed 

vessels. 

With large clearances between the walls and mixing blades it is 
conceivable that parts of the plastic mass stick to the walls and 
escape thorough mixing. 

In order to still further reduce the danger of sudden, violent 
friction and possibly avoid it altogether, use has recently been made 
of the so-called overload relay, which on increased resist ance within 
the mass, or increased current consumption, cuts off the electric 
power immediately and stops the machine. It consists of a watt 
meter, whose pointer makes a contact at a certain degree of increased 
resistance, closing a circuit which in turn activates and electro- 
magnetic cutout. 

In order to be able to empty the trough conveniently the latter is 
tipped, i.e., revolved about one drive shaft, by hand with small 
machines, by power with large machines. Since the drive shafts 
remain in position the mixing blades continue to revolve, no matter 
whether the trough is horizontal or vertical, so that the trough is 
emptied by the action of the machine itself into wooden boxes placed 
below it. An exact description of the construction of the mixer and 
the emptying device is given by Guttmann. 20 

Machines 21 are built with a capacity of 50, 100 and 200 kg. 
(11 0, 220 and 440 pounds). They are made for experimental labora- 
tories in 1 and 3 kg. sizes to prepare small quantities of explosives 
on a works scale . A mix house usually contains one or two machines. 

The D'raiswerke "Saulenknetrnasehine/' recently come into use, in 
which pregelatinization and mixing are done in one and the same 
machine, will be described in the section on gelatine dynamites. 

CARTRIDGrNG GELATINIZED EXPLOSIVES 

The finished blasting gelatine or gelatine dynamite is taken to the 
cartridging house in long, shallow wooden boxes, broader at the top 

20 Industrie der Ex-plosivsfoffe, pp. 520-524. 

n In the United States a so-called Talley MLxer is widely used. It resem- 
bles a Werner-Pfleiderer machine except in having mixing blades shaped like 
long, spiral copper ribbons, revolving in opposite directions. It is emptied 
like the W & P machine. Its capacity is about 1500 pounds (682 kg.).-— 
Translator. 
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than at the bottom, and holding up to 50 kg. (110 pounds). Gela- 
tinous explosives cannot be packed into cartridges in tamping 
machines, like the pulverent dynamites, but is done usually by screw 
presses. 

The cartridging machine most widely used in the large English 
plants has been described by McRoberts and is shown in figure 32. 
It consists of a funnel-shaped housing (a) with a filling funnel (b), to 
which is screwed a nozzle (c) corresponding to the diameter of the 
cartridge t o be filled, sometimes having a brass shell corresponding to 
the length of the cartridge. In the housing a shaft (e) and a screw 
(f) moves, carried by two bearings (dd) outside the housing, which 
forces the gelatine coming from the filling funnel, into whieh it is 
pressed from time to time by a wooden plunger, into the nozzle, 
gradually forcing it out of the latter in the shape of a sausage. Inside 



b 




Fig. 32. Sausage Machine for Packing Gelatine 



the housing there are ridges (#) to prevent the mass from revolving 
with the screw. The apparatus is mounted on a bed plate and the 
latter on a table. The machine is operated by two men, one turning 
the handle and from time to time pressing the gelatine into the filling 
funnel by a wooden plunger, the other man wrapping cartridge paper 
around the brass nozzle, folding it, and allowing the string of gelatine 
to flow out into the paper shell until the cartridge has attained the 
proper length. He then breaks off the string of gelatine and seals the 
cartridge at the open end. Often long strings of gelatine are forced 
out on a table, cut to proper lengths by a bronze knife, and then 
wrapped in paper. Parchment or paraffined paper is used for this 
purpose. 

In Germany similar machines, but having a cylindrical housing, 
are used (fig. 33). The housings are usually somewhat conical at the 
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mouth, which raises the pressure somewhat and facilitates extrusion 
of the mass. On the other hand, the pressure in them is somewhat 
Jess than in those shaped like a funnel, which increases their safety. 
The nozzle usually has two, sometimes more, openings, so that several 
sausages or strings extrude from the press, which is particularly 
desirable with small diameters of cartridges. 

Often the so-called "one strand" cartridging machine is used, 
operated by one man. In these there is a crank at the side on which 
the string of gelatine issues from the nozzle of the housing, so that the 
man doing the packing first extrudes the string of gelatine by turning 
the crank, then breaks the string of gelatine off and wraps the paper 
around it. The drive is via an extension shaft of suitable length and 
two gears. 




1 



Fig. 33. Improved Sausage Machine 



In the United States it is the custom to drive gelatine dynamite 
cartridging machines in plants by electric power. 22 The extruded 
string of gelatine is carried on a traveling belt into an adjacent room, 
where it is automatically cut into pieces of suitable length and 
wrapped in cartridge paper. 23 For United States machines see illus- 
trations below. 

M And now in England also. — Translator. 

93 This is not the case. In the United States machines are driven electri- 
cally, but they are almost entirely automatic, the gelatine dynamite traveling 
up a conveyor belt to the hopper, where it ia forced by a worm through a mul- 
tiple nipple plate into already formed paraffined paper shells, the machine 
stopping automatically until a fresh lot of empty shells has swung into posi- 
tion, the open end of the filled shells closed automatically, and the finished 
cartridges discharged on to a table. With Buch a machine two men cartridge 
12,000 to 15,000 pounds (5455 to 6818 kg.) per day of eight hours, depending 
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Gelatine Carthi^ging Machine 
United States patent 929815 



Gelatine Caktridging Machine 
United States patent 1245528 
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In the case of blasting gelatine and gelatine dynamites, which 
today are only used in hard ore or rock, at least in Germany, where 
drilling tends to increase considerably in cost with the borehole 
diameter, very small cartridge diameters are usual. They begin with 
18 and 20 mm. (0.71 and 0 79 inches). A diameter of 23 nun. (0.9 
inches) is frequently used, and 25 mm. (1 inch) is not uncommon. 

These screw cartridging machines can cause explosions if the gelatine 
accidentally contains hard, foreign bodies which can cause friction. In order 
to avoid this chance Norbert Ceipek proposed a centrifugal machine {German 
patent 117111) in which no sharp friction or sudden rise in pressure is possible. 
It consists of a centrifuge whose basket has ttites or nozzles on its periphery, to 
which the empty cart ridges are att ached or in which the latter are placed so that 
they can move. 1 n the first case the density of the tilling is determined by the 
number of revolutions chosen of the centrifuge, and in the other case by the 
numlter of revolutions and a resistance effect of the shell to displacement dur- 
ing the filling. 14 Thus a very rapidly revolving centrifuge would be required 
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to force tough gelatine, for example, though the nozzles. Whether or not the 
use of a rapidly revolving centrifuge in connection with high explosives would 
actually increase the safety of the operation and not introduce additional 
risks of improper operation or breakage remains uncertain. These machines 
are not iti use in Germany. 

Composition of blasting gelatine. In table 25 Kast 25 gives the 
compositions used in the various countries, whereas Guttmann 26 
speaks of a composition containing 90 to 91 per cent nitroglycerine 
and 10 to 9 per cent collodion cotton in England, which on account of 

upon size of cartridges. With a machine having a piston instead of a worm 

about 40,000 pounds, (18,200 kg.) has been packed with three operators — 
Thansl \ tou. 

H For a more detailed description and illustration see Escalcs, Nitrogly- 
cerin und Dijruiniit, p. 235. 

56 Sprcng- und ZuiuLstoffe, p. 296. 

** Industrie der Erplosivstojfe, p. 499. 
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the strict English requirements as to exudation, particularly for 
export to the colonies, is assumed to be the most usual. Material 
exported from Germany usually contains 8 per cent collodion cotton 
of high gelatinizing power. 

In France the composition is 92 : 8 under the designation of Gomme 
superieure or Gomme cxtraforte. In Belgium the same composition, 
called "dynamite-gomme A" is customary. A 94:6 mixture is not 
permitted in France on account of exudation. 

Blasting gelatine containing camphor. Although blasting gelatine 
is comparatively less sensitive to shock on account of its elastic 
nature than guhr dynamite formerly used, it was soon attempted to 
make it still more resistant to mechanical influences, in order to ob- 
tain munitions of war as insensitive to projectiles as possible. This 
was accomplished by dissolving camphor in nitroglycerine, which 
reduced the sensitiveness to detonation of the latter and the gelatine 
made from it. 27 The quantity of camphor added was dependent upon 
the degree of reduced sensitiveness desired. Hess 28 reports at 
length on this. In Austria in 1878-1892 a so-called military blasting 
gelatine, consisting of 96 parts blasting gelatine 90/10 and 4 parts 
of camphor was made, which was subsequently displaced by Ecrasit 
as a military explosive. 

In Italy 5 parts of camphor were added to 100 parts of a 92/8 
blasting gelatine. A composition such as nitroglycerine 90 per cent, 
camphor 3 per cent, and collodion cotton 7 per cent was even used in 
the World War in Russia as a filling for trench mortar bombs. In 
Italy it was prescribed in 1914 as munitions for the pioneer troops. 29 

Camphorated, desensitized blasting gelatine requires a stronger 
initial impulse to ensure detonation than ordinary gelatine requires. 
Special priming cartridges, such as a pulverent mixture of 60 parts 
nitroglycerine and 40 parts nitrohydroccllulose, or pure, compressed 
gun cotton, are used. 

The desensitizing effect of a few per cent of camphor should not be 
overestimated, however, and it should not be forgotten that the 
ease of detonation is dependent to a great extent oti the collodion 
content of the gelatine as well as on the combining power of the 
collodion cotton. 

» German patent 5528, July 2, 1878 to Dyn. A.-G., vorm. Alfred Nobel & Co. 
ss Mitt Art. -u. Genie wesen (1878), p. 217. 
■* Z. Schiess- u. Sprengstoffw. (1914), p. 414. 



BLASTING GELATINE 



311 



The statement of Eseales 30 that a military blasting gelatine with 
4 per cent camphor could not be exploded by a No. 8 blasting cap 
containing 2 grams of mercury fulminate or by a priming cartridge 
of compressed gun cotton, is not correct. It depends very much 
upon the collodion cotton content and the age of the gelatine. (Re- 
fer to sections on Ease of Detonation, Explosive Strength and Sensi- 
tiveness to the Falling Weight Test.) 

PROPERTIES OF BLASTING GELATINE 

Blasting gelatine is a solid colloidal solution of nitroglycerine and 
nitrocellulose. It is a yellow, translucent, soft, elastic mass, which 
can be cut, bent and pressed without permanently changing form. 
Its specific gravity is about 1.63. Even strong pressure causes no 
nitroglycerine to exude from it, and it is absolutely insensitive to 
water. On long contact with water the surface becomes milky, but 
the ease of explosion and the explosive strength do not change on 
long storage under water, because of the difficult solubility of the 
components. It is therefore used to advantage for blasting under 
water, as in rock blasting in rivers or harbors. 

Toward shock, blows and friction blasting gelatine is less sensitive 
than liquid nitroglycerine or even guhr dynamite. The elastic mass 
to a certain extent absorbs the shock and forms a cushion between 
hammer and anvil. This becomes noticeable in large masses and 
moderate shocks where often no detonation oceurs on the first blow. 
If the material is spread out in a thin layer by the first blow the 
second can easily cause an explosion. 

According to Will the 2 kg. falling weight gives explosion with 
guhr dynamite at 7 em., and with blasting gelatine at 12 cm. 

Blasting gelatine freezes far more difficultly than guhr dynamite. 
However, if the crystallizing process is once started it freezes to a 
hard, white mass which loses ail flexibility and elasticity. Then, 
in contrast to guhr dynamite, it is somewhat more sensitive to blows 
than when in a soft condition, as is shown mainly by the shooting 
(projectile) test. 31 

The sensitiveness to shock is dependent to a great extent upon the 
toughness of the mass and consequently upon the collodion cotton 

34 Z. Schiess- u. Sprengstojfw. (1914), p. 414. 

31 Eseales, Nitroglycerin und Dynamit, pp. 238-239. 
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content. A higher content of the latter acts in the same way as an 
addition of a desensitizing agent such as camphor to nitroglycerine. 

The author determined the comparative figures, shown in table 26, 
with the 2 kg, falling weight on blasting gelatines containing 7 
and 9 per cent collodion cotton and a camphorated blasting gelatine 
of the above-mentioned Italian composition (5 parts camphor per 
100 parts blasting gelatine, or 92:8). The composition of this gela- 
tine was 87.6 per cent nitroglycerine, 4.8 per cent camphor, 7.6 per 
cent collodion cotton. The falling weight was in each case dropped 
six times upon a fresh 0.1 gram sample between a small steel stamp 
and an anvil. (See table 20.) The difference between the 7 per cent 
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and 9 per cent collodion cotton gelatines is thus greater than that 
between the latter and the camphorated gelatine. 

Chemical stability. The chemical stability of blasting gelatine in 
general corresponds to that of its nitroglycerine. At ordinary 
temperatures and at gentle heats it is unqualifiedly stable. 

The German railway regulations require for dynamites and similar 
explosives, including blasting gelatine, that whole, unbroken cart- 
ridges be stored at 75 °C. for forty-eight hours without red vapors 
being emitted. On continued heating at this temperature bubbles 
finally appear, with decomposition and evolution of nitric oxides. 
Only materials made from pure raw materials withstand this severe 
test. 

Abel test. In the Abel test, upon which great weight is placed in 
England particularly, according to which the companies exporting 
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blasting gelatine and gelatine dynamite to England and to English 
colonies must test their products, the effeet of the surface must be 
taken into consideration. If the prescribed quantity of the gelati- 
nous, cohesive mass is cut into a few large pieces and placed in the 
test tube the reaction occurs considerably later than if the material 
were reduced to a fine powder with a neutral medium and its surface 
thus artificially increased. 

The linglish method of making the test of blasting gelatine and 
gelatine dynamite is a follows : 3.25 grams of gelatine is thoroughly 
rubbed with 6.5 grams of talc in a wooden mortar with a wooden 
pestle. The talc has been previously washed in distilled water, dried 
in air free from acid and stored in a closed glass flask. The gelatine- 
talc mixture is placed in small portions at a time in the test tube, 
tapping the latter lightly on the table occasionally, until the filling 
amounts to If inches in height. The test is then carried out in the 
usual way at 72°C. The reaction should not appear within ten 
minutes. 

Blasting gelatine made from well stabilized collodion cotton and 
well purified nitroglycerine usually withstands this test not longer than 
ten to fifteen minutes, although the collodion cotton and the nitro- 
glycerine before combining to a gelatine each gave slight tests only 
after thirty to forty minutes. Since the chemical stability cannot be 
affected by the purely physical reaction of solution, this test shows 
clearly how much the result of the Abel heat test depends upon the 
physical state of the substance and the method of making the test, 
which apparently limits the value of this test in some respects. 

The moisture content of the sample tested is also important. If 
high, so that on heating there is considerable condensation on the 
walls of the tube above the water bath, the appearance of the reaction 
is retarded, since apparently the precipitated moisture takes with it 
the first traces of evolved nitrogen oxides. Thus, well-dried explo- 
sive gives shorter tests. For comparative tests or for uniform pro- 
cedure all explosive samples should therefore be corrected by drying 
in a desiccator. 

Physical stability; exudation. On great temperature changes, 
particularly if the collodion cotton content is too low or if the collo- 
dion cotton used is of insufficient gelatinizing power, blasting gelatine 
at times exudes small quantities of nitroglycerine. Liquid nitro- 
glycerine increases the danger, and cartridges showing a tendency to 
exude should be used at once and with particular care. 
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In England, and particularly in the English colonies, where the 
question of exudation due to the hot climate is more important than 
in temperate zones, exudation is watched very closely by the authori- 
ties (Inspector of Explosives). 

Liquefaction test} 2 This test is decisive mainly in England. A 
cylinder whose length is about the same as the diameter, and whose 
ends are cut sharply, is cut from the blasting gelatine cartridge to be 
tested. The cylinder, without wrapper, is placed with its base on a 
smooth surface, such as a sheet of pasteboard, and held fast by a 
vertical pin through its center. The sample is stored continuously 
for six days at 29 to 32 <, C. During this time the height of the cylinder 
of gelatine must not diminish more than a fourth, and the upper, cut 
surface must retain its shape and sharpness of edges. 

A general characteristic of absence of tendency to exude is desig- 
nated by Guttmann as the fulfilment of the following requirements: 
From the mass of blasting gelatine or gelatine dynamite no substance 
should separate which is of a lower consistency than the remaining 
material, no matter what the conditions of transportation, storage or 
use, or if the material is subjected three times to consecutive, alter- 
nate freezing and thawing, or to the above described liquefaction 
test. 

In Germany the railway authorities require that blasting gelatine 
and gelatinous nitroglycerine explosives undergo no external change 
when whole cartridges are subjected to storage at 30°C. for five days, 
and they must exude no nitroglycerine. 

A tendency toward exudation can generally be met by increasing 
the collodion cotton content or by using agents such as centralitc, 
which increase the combining power of the eollodion cotton available. 
However, there are here two opposing considerations, since by 
raising the collodion cotton content and toughness of the gelatine the 
case of detonation and propagation of the blasting gelatine are 

affected adversely. 

Behavior on heating; ignition; explosion point. Blasting gelatine, 
in contrast to liquid nitroglycerine, can be ignited very easily by a 
flame or spark from a fuse and burns very rapidly and violently 
with a hissing sound. The combustion of rather large quantities can 
easily cause explosion. When frozen even small quantities can 

32 Guttmann, Industrie der Explosivstojfe, p. 655. 
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explode on burning. On heating above a certain temperature explo- 
sion occurs without fail. In the determination of the explosion point 
the rapidity of heating plays an important part. If a small sample 
(0.1 to 0.2 gram) is heated in the usual way in a beaker placed in a 
metal bath, the temperature starting at 100°C. and rising 5° per 
minute, the blasting gelatine explodes with a report like a pistol at 
202°C., after emitting yellow vapors above 170°C. and copious brown 
vapors above 180 D C. A 0.2-gram sample shatters the beaker. On 
more rapid heating still higher explosion temperatures are found, 
according to Guttmann 240°C, but it should be noted that such 
figures have no practical value since the temperature of the sample 
eannot follow that of the thermometer quickly enough. 

If small samples (0.1 gram) are heated very slowly, at 5° per 
minute, they usually decompose below the explosion point, emitting 
red vapors, the remainder puffing slightly at about 195°C. Natur- 
ally, on slow heating of large samples explosion can occur at even 
lower temperatures. 

Explosion point of camphorated blasting gelatine. An error which 
was adopted by Escales from Guttmann and by the latter from Hess, 
is that the so-called military blasting gelatine containing camphor 
does not explode on slow heating, but only burns and throws out 
sparks. 33 The author at least found that blasting gelatine containing 
5 per cent camphor, heated in the usual way to 200 to 203 D C, explodes 
at the same temperature as pure blasting gelatine, and just as 
violently. 

Detonation by initial impulse; propagation of explosion. V, lasting 
gelatine is rather difficult to detonate, as compared to nitroglycerine 
explosives which contain nitroglycerine absorbed in a liquid state, 
and it, propagates detonation at a distance only slightly. While the 
wave of detonation propagates with more difficulty through liquids, 
particularly viscous liquids, than through pulverent explosives or 
explosive mixtures, and the former are more difficult to set off by 
an initial impulse, this is true to an even greater extent with colloids 
like blasting gelatine. Here the degree of ease of initiation is in 
direct proportion to the degree of toughness and stiffness of the 
gelatine, and thus in general to the collodion content. The higher 
the latter the more difficult the gelatine to detonate, and finally, at 

53 Guttmann, Industrie der Expiosivstoffe, p. 501; Esealcs, Nitroglycerin und 
Dynumit, p. 246. 
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very high nitrocellulose controls, the hrisant. explosive is changed 
into the non-brisant propellant, smokeless powder, a relatively hard, 
homy, little elastic mass, very slightly elastic as compared to blasting 
gelatine, which, although consisting of the two brisant components 
nitroglycerine and nitrocellulose, can no longer be detonated by a 
blasting cap when in a finished state, at least in coarse aggregates. 
This property is only again acquired by grinding a coarse powder to a 
fine one. It is then the air enclosed between the particles of powder 
which carries the wave of detonation. Examples of such propellants 
are cordite, containing 60 per cent nitroglycerine and 40 per cent 
nitrocellulose, and ballistite, containing 40 per cent nitroglycerine 
and GO per cent nitrocellulose. Each per cent of collodion cotton 
appreciably affects the ease of detonation, propagation of explosion 
and velocity of detonation. In the proportion of 93 parts nitroglyc- 
erine to 7 parts collodion cotton blasting gelatine is still very readily 
detonated, and at least when in a fresh state explodes with the 
weakest blasting cap, a No. 1, and propagates detonation even in 25 
mm. cartridges to a distance of about 10 mm. With 9 per cent 
collodion cotton a No. 4 blasting cap is required, and propagation to 
an adjacent cartridge only occurs with a No. 6 blasting cap. 

A quite general fact, observed with blasting gelatine in a quite 
characteristic manner, but which is found with all gelatinous explo- 
sives to a more or less degree, is that the sensitiveness to detonation 
diminishes with time, apparently as a result of a physical change of 
state. With blasting gelatine and gelatine dynamites after long 
storage, particularly in hot climates, a diminution of explosive 
strength and even failures have been observed. This is spoken of 
as "inertness." [Usually called insensitiveness in the United States. 
— Translator.] The author has seen blasting gelatines which had 
been returned from Africa after being stored there for two years, 
which would not detonate completely when unconhned and which 
would not propagate to adjacent cartridges. Also the lead block 
expansion and the lead block crushing of this sample were unusually 
low, in spite of the unchanged chemical composition. 

This behavior forms a problem for exporting factories particularly, 
since on account of the danger of exudation in hot count lies they are 
instructed to not use too small quantities of collodion cotton in 
blasting gelatine and gelatine dynamites. Insensitiveness becomes 
greater the higher the content of collodion cotton and the tougher the 
gelatine when in a fresh condition, as is evident from the above. 
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For domestic gelatine dynamite, where the question does not have 
so great an importance as in the English colonies, partly on account 
of climatic conditions and partly because of less strict criticism, 
insensitiveness plays no noticeable role. The gelatines can be made 
comparatively "thin" at first, since the absorbents also take a part 
in absorbing and retaining the oil. 

An explanation of this diminution in sensitiveness has been at- 
tempted in various directions. 

Hargreaves 34 believed that there is not a solution of nitrocellulose 
in nitroglycerine in the nitroglycerine gelatine, but rather a colloidal 
solution of a definite quantity of nitroglycerine in the nitrocellulose, 
so mixed with the free, ungelatinized nitroglycerine that the latter 
is retained in the gelatine by capillarity. He had the idea 35 that 
the ease of detonation and velocity of detonation wave arc dependent 
upon greater or smaller contents of free nitroglycerine. The con- 
ception that unchanged, liquid nitroglycerine could be retained by 
the nitrocellulose-nitroglycerine gel something like a sponge, would 
be rather difficult to hold. Even the uniformly homogeneous physi- 
cal structure of the gelatine controverts this. Also, if such were true, 
even moderate pressures would force out liquid nitroglycerine, but no 
instance of this is known. Moreover, heating to 75°C. softens the 
gelatine but it remains uniform. A further result of this conception 
would be that with a quantity of nitrocellulose which has completely 
absorbed the nitroglycerine, for example the extreme case of smoke- 
less powder, possibility of detonation must be entirely absent. 

As is already known, detonation or sensitiveness of inelastic, 
horny, nitroglycerine smokeless powders is only a matter of particle 
size. For example, powder cut in thin plates 2 mm . square, composed 
of 40 per cent nitroglycerine and 60 per cent nitrocellulose, detonates 
easily and at a high veloci ty . Here appare n tly the air spaces bet ween 
the powder aggregates, and the increase of surface afford propagation 
of the wave of detonation. 

The air content of fresh blasting gelatine also, as opposed to the 
Hargrcaves conception, has been brought in with apparently more or 
less justification to explain the ease of detonation and high velocity of 

« Journ. Soc. Ckem. hid. (1914), p. 337; Z. Schiess- u. Sprengstoffw. (191*), 
p. 244. 

16 Arms and Explosives (1911), p. 130. 
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detonation, 36 although it may not form the only explanation of the 
debated phenomenon. 

Freshly mixed blasting gelatine is usually rendered milky by the 
countless sin all air bubbles in it. In a vacuum such a gelatine dis- 
tends from expansion of these bubbles and collapses on releasing the 
vacuum. After such a treatment a diminution in sensitiveness and 
lead block expansion is immediately evident. 

This air content, which apparently raises the sensitiveness, dimin- 
ishes gradually on long storage, apparently by the pressure of the 
mass. The gelatine then becomes denser, clearer and more trans- 
parent. Old blasting gelatine is always clear and transparent. 

The effect of the air trapped between the particles of an explosive 
can be illustrated by countless instances. A given explosive, such 
as trinitrotoluene, detonates easily as a loose, crystalline powder 
containing air, but much more difficultly as a cast mass containing no 
air. Liquid ethyl nitrate does not explode when unconfined, but if 
kieselguhr is mixed with it the lead block is crushed on the ensuing 
explosion the more so the larger the amount of keiselguhr present, i.e., 
the more nearly a dry powder or the higher the air content and the 
less cohesive and plastic it is. 

If a blasting gelatine is loosened up by kneading it with some 
coarse cork powder, or if its cohesivencss is destroyed by a short mix- 
ing of the warm, gelatinous mass with 10 per cent kieselguhr to 
small lumps, the sensitiveness, propagation and velocity of detona- 
tion are raised. Such methods are impractical, since they affect the 
density and total energy, which are important for the special uses of 
gelatine. 

Aside from the trapped air other factors apparently play a part in 
the diminution of sensitiveness of gelatine explosives, since this 
phenomenon is very general and is observed in all gelatinous nitro- 
glycerine explosives, even where the enclosed and gradually escaping 
air bubbles cannot be entirely responsible, as with tough blasting 
gelatine. It appears that the process of colloid formation is not 
ended with the process of solution of the collodion cotton, mixing and 
kneading, and that instead the final state of the colloid in the sense of 
increase in toughness and consequent reduction in sensitiveness is 
only reached after some time. This reaction is given the rather 
unscientific name of "after-gclatinization." 

" Aubcrt, Chem. Zig. (1913), p. 212. 
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Blasting gelatine which has become insensitive can again be ren- 
dered sensitive by kneading while warm . However, such reworked 
blasting gelatine becomes insensitive much faster than that freshly 
prepared, which can be understood if the air content reintroduced by 
the reworking is not the only cause of the increased sensitiveness of 
the fresh material. The other causes of the initial state of colloid 
formation cannot apparently be repeated. 

In detonating blasting gelatine a cartridge of guhr dynamite is 
often used in actual practice as a primer. 

Velocity of detonation of blasting gelatine. Just like nitroglycerine, 
blasting gelatine gives velocities of detonation of far different orders of 
magnitude. While with liquid nitroglycerine the strength of the 
initial impulse, confinement and diameter of the train of explosive 
are the deciding factors as to whether or not the maximum or the 
characteristic low velocity is developed, with blasting gelatine the 
influence of the physical condition of the colloid must be added. 

The maximum velocity of detonation of blasting gelatine is 8000 
meters per second. The values found by various investigators vary 
considerably, as in all measurements of explosive reactions of very 
high velocity. Bichcl 37 found for 92/8 blasting gelatine 7700 meters 
per second, and Kast* 8 7800 m/s for the same composition. 

This maximum velocity of detonation, which is developed mainly 
on close confinement in hard rock, explains, in connection with the 
high energy content and high density, the extraordinary brisant and 
shattering effect of blasting gelatine, which is particularly well suited 
for blasting such rock. 

In experiments in iron pipes this velocity is usually found only 
above a certain diameter, e.g., 30 mm. Moreover, the interesting 
observation has been made that the velocity only attains its maximum 
at a certain distance from the point of initiation, then remaining 
uniform, so that over short stretches, as in short tubes in the Dau- 
triche method, low values are often obtained. These low velocities, 
amounting to about 2000 to 2500 m/s, are. the rule with small diame- 
ters of about 20 to 25 mm. A high content of collodion cotton or 
increased toughness causes the high velocity to be released more 
difficultly, so that it is natural for a gelatin difficult to detonate to 
explode at a lower velocity. 

47 Gluckauf (1905), p. 465. 

38 Spreng- vnd Zundstoffe, p. 71; Z. angew. Chem. (1923), p. 75. 
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The same thing happens, as is to be expected from the preceding 
chapter, with gelatine which has been stored for a long time. Storage 
in warm place (30°C.) for one and one-half years usually gives a 
velocity of only 1500 m/s in a 25 mm. iron pipe, or below the minimum 
value, so that such a detonation can no longer be spoken of as brisant, 
and even the destruction of the pipe corresponds to such a sluggish 
explosion. Such a gelatine which has been stored too long does not 
fulfil its role in actual practice and causes complaints to the factory. 

Gases of explosion. The nitroglycerine molecule contains some- 
what more oxygen (3.5 per cent) and the collodion cotton, if enneani- 
trocellulose or C^HaiNgOas, somewhat less oxygen (38.7 per cent) 
than required for complete combustion to carbon dioxide and water. 
In the most usual proportions between nitroglycerine and collodion 



TABLE 27 

Composition of gases of explosion of various blasting gelatines 







&WB WITH 5 PER 
LT3KT KClOl 


SAME -WITH 5 PBK 
CENT KCIO* 


Expansion of load block.. 


595.0 cc. 


660 Occ. 


570.0 ce. 


+ [CO*... 
Gases, per cent 1 ^ 

by vol ume 1 ^ * " 


66.4 per cent 
33.0 per cent 
0.6 per cent 


66 5 per cent 
31.5 per cent 
2 .0 per cent 


66.3 per cent 
30.9 per cent 
2 . 8 per cent 



cotton the oxygen excess and deficiency equalize to an almost ideal 
combustion formula or decomposition equation, which at the same 
time gives a maximum chemical energy. With 93/7 and 92/8 
blasting gelatines there is a small oxygen excess of 0.5 and 0.1 per cent 
respectively. BicheF gives for 93/7 blasting gelatine the following 
composition of the gases of explosion in per cent by weight: C0 2 
61.2 per cent, H 2 0 20.3 per cent, N 2 18.1 per cent and 0* 0-4 per cent. 

On the other hand, a further increase in the collodion eotton content 
theoretically leads to the formation of a certain amount of carbon 
monoxide in the gases, so that in actual practice the combustion of 
the cartridge paper alters the theoretical decomposition equation in 
the sense of an increased consumption of oxygen and a certain forma- 
tion of carbon monoxide. 

™Gluckavf U004), p. 1043. 
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In Transvaal therefore, where blasting gelatine is used in large quantities 
and where poor ventilation is often encountered in the mines, to obtain gases 
absolutely free from carbon monoxide small quantities (5 per cent) of potas- 
sium nitrate, chlorate or perchlorate are added. The product ia called anti- 
fume blasting gelatine. The strength is only changed inappreciably by this 
slight addition, and the gases are naturally somewhat improved, as the follow- 
ing analyses show: 

A collodion cotton with 12.2 per cent N was used, or a mixture of ennea- and 
decanitrocellulose. The gases were determined by igniting by a glowing 
platinum wire in an evacuated steel bomb. (See table 27.) For the same 
reason blasting gelatine is occasionally furnished to Australia for poorly ven- 
tilated workings with an appreciable content {20 per cent) of potassium 
nitrate. However, such an addition lowers the brisance considerably. 

According to Kast there can be calculated for 1 kg. of blasting 
gelatine 710 liters of gases of explosion, corrected to 0°C. and 760 mm. 

Heat of explosion; temperature of explosion; strength. On account 
of the more favorable combustion formula, blasting gelatine gives 
a somewhat higher development of chemical energy than nitroglyc- 
erine. One kilogram of 32/8 blasting gelatine develops 1 680 Calories 
with water as a liquid, and ,1560 Calories with water gaseous. For 
the latter value Bichel gives 1550, Kast 1540 and Heise 1535. Bichcl 
and Heise used a 93/7 composition, Kast a 92/8. Blasting gelatine 
therefore gives the highest energy of all the practical explosives in 
use, perhaps with the exception of mixtures of liquid oxygen and 
carbon, which theoretically could develop an even greater number 
of calories with an ideal composition, namely about 2200 Calories per 
kilogram if the composition corresponded exactly to the formula C 
+ Oj = C0 2 . In actual practice this is very seldom the case, 
since with the rapid evaporation of the liquid oxygen the composition 
of the explosive at the instant of explosion is dependent upon external 
conditions. The lower energy density of the liquid air mixture does 
not in general allow it to be so brisant in effect as with blasting 
gelatine, although under very favorable conditions an effect similar 
to dynamite is obtained. 

The temperature of explosion is given by Heise as 3200°C. Kast 40 
calculates the considerably higher value 4300°C. 

The properties depleted correspond to the high strength deter- 
mined by the ordinary laboratory methods. 

Lead block test. Blasting gelatine (92/8) gives about the same 
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lead block expansion as nitroglycerine when fired in the usual way, 
or about 560 cc . net. This test also shows clearly the influence of the 
physical condition or collodion cotton content and the age of the 
gelatine. Freshly prepared gelatine gives the highest values. The 
author found with two samples of different collodion cotton contents 
the net expansions shown in table 28. The tougher gelatine shows a 
greater drop in brisance even after a few days. With blasting 
gelatine stored for a longer time the lead block expansion falls to 500 
cc and below. In spite of the favorable proportions of quantity of 
initiating explosive in a No. 8 cap to the 10-gram cartridge these 
caps do not then release the highest decomposition velocity. 

Camphorated blasting gelatine (87.6 per cent nitroglycerine, 7.6 
per cent collodion cotton, 4.8 per cent camphor) naturally gives a 
somewhat lower expansion. When fresh the author found 555 cc. 



TABLE 28 

Lead block expansions of blasting gelatines of various ages and collodion 

cation contents 





COLLGBIOW COTTON 




7 per cent 


C per cent 




cc. 


cc. 




fiOO 


580 




580 


545 



Lead Mock crushing. This test also shows clearly the characteris- 
tic properties of blasting gelatine. A 93/7 gelatine gave 24.5 mm., a 
91/9 gelatine gave 12 mm., both two days old. When detonated 
unconfined by a No. 8 cap a 100-gram cartridge 400 mm. in diameter 
in the first case gave apparently the typical high velocity of detona- 
tion, in the second the typical low velocity, sinee this somewhat crude 
test under uniform conditions shows up simply and clearly the higher 
or lower velocities of detonation. 

Since it was shot without confinement it, at the same time, gives 
a picture of the sensitiveness. Less sensitive explosives give rela- 
tively low crusher tests, but in interpreting this result the energy 
content, density and lead block expansion must be considered in 
connection with it. 

The above camphorated blasting gelatine gave a crusher test of 
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24 mm., a sign that a few per cent of camphor does not render the 
gelatine as insensitive as would be expected from many statements in 
literature. 41 For the crushing effect on a copper cylinder, shot under 
confinement, Kast 42 gives the following comparative values: 

Blasting gelatine . 

Nitroglycerine 

Gelatine dynamite 
Guhr dynamite .... 



171 r7K 

4.8 
4.6 
3 9 
3.1 



" Escales, Nitroglycerin und Dynamit, p. 246. 
" Spreng- und Ziindsloffe, p. 71. 
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Gelatine Dynamite 

The local shattering action of blasting gelatine, due to its high 
energy density and velocity of detonation, is not useful everywhere, 
and it is only of advantage in very tough rock. It was soon at- 
tempted, therefore, to graduate the brisant properties of blasting 
gelatine to suit any given operation by adding materials to the 
gelatine. Most of such additions consisted of mixtures of wood meal 
and different kinds of saltpeter, in proportions such that the avail- 
able oxygen of the nitrate would burn the wood meal completely, 
while the surrounding gelatine in turn had an almost complete com- 
bustion equation. 

It is a characteristic that a far "thinner" or softer gelatine, i.e., one 
having a lower collodion cotton content, forms the basis of these 
mixtures called "gelatine dynamite/' which are very plastic and can 
be kneaded and shaped, but which arc not really elastic or gelatinous 
in the same sense as the pure blasting gelatine. The wood meal of 
the mixed absorbent absorbs and retains the nitroglycerine and 

prevents any exudation. 

Assuming a collodion cotton of equal gelatinizing power, a reduc- 
tion in amount of it in the gelatine causes a rise in velocity of detona- 
tion, ease of detonation, propagation, plasticity and flexibility, just 
as with blasting gelatine, which is important in the preparation of 
plastic dynamites of low oil content. 

Th e main type of gelatine dynamite most widely used for a long 
time, and called simply "dynamite" 1 by German miners, contains 65 
parts of gelatinized nitroglycerine and 35 parts of the so-called 
"dope" or absorbent. The collodion cotton content of the gelatine 
varies between about 2 and 5.4 per cent. The dope consists of about 
3 parts of potassium or sodium nitrate and 1 part of wood meal. 

» In the United States the word dynamite means an explosive containing 
no collodion cotton, while the word gelatine is used to mean gelatine dyna- 
mite and blasting gelatine, very little of the latter being used however.— 
Translator. 
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Frequently about 0.2 to 0.35 per cent of prepared chalk is added to 
neutralize any traces of acid which may be present. The former 
usual addition of some soda (sodium carbonate) for this purpose, 
mentioned in many books, must be regarded as impractical, since 
the strongly alkaline sodium carbonate, in connection with the small 
quantities of moisture always present and derived from the fresh 
nitroglycerine and the air-dried wood meal most commonly used, is 
more suited to attack and saponify the nitroglycerine than to preserve 
it. 

The composition of 65 per cent gelatine dynamite is as follows: 

rdai^c /Nitroglycerine, 63.25 to 61.5 per centl „ 
GeUUne {Collodion cotton, 1.75 to 3.5 per cent/ 65 ** Cent 

- /Saltpeter 27.0 to 28.0 per centl 

^ \WoDd meal 8.0 to 7.0 per cent/ 35 ^ cent 

The quantity of collodion cotton used depends upon its gelatinizing 
power with nitroglycerine and the special requirements, such as 
climate, to which the stability of the product must be suited (sec 
Exudation of Blasting Gelatine). In the case of a product for export 
to hot countries more collodion cotton is usually added. For the 
so-called gelatine dynamite 1,75 to 2.25 per cent of collodion cotton 
is the rule. 

Climatic conditions also govern the kind of saltpeter used. Al- 
though gelatine dynamites, as compared to pulverent dynamites 
with efficient absorbents, from which they differ only in having the 
nitroglycerine gelatinized by nitrocellulose, arc relatively very in- 
sensitive to moisture because the gelatine to a certain extent sur- 
rounds the dope and protects the particles of the salt by an imper- 
meable membrane, the hygroscopicity of the saltpeter used comes 
into consideration in a moist, warm climate. The very hygroscopic 
Chile or sodium nitrate is customary for German products, which 
are not often stored very long, particularly in a moist place. Ex- 
ported goods which have to withstand transportation a month or 
more, and often long storage in tropical or sub-tropical countries, 

generally contain the more expensive but non-hygroscopic potassium 
nitrate. 

Some time after the discovery of gelatine dynamite, when ammo- 
nium nitrate began to be used as an explosive component, it found 
use in gelatine dynamites as well, since in spite of being an endother- 
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mic explosive compound it gives a particularly high strength to 
explosive mixtures. Due to its great hygroscopicity it was even 
less suited for export goods than sodium nitrate, and required a 
special, water-proof packing. Gelatine dynamites containing am- 
monium nitrate are much used in France. In Germany it is used 
mainly in permissible gelatine dynamites. Its appreciably higher 
price than sodium nitrate comes into consideration here. 

In place of wood meal, rye flour has been used at times, especially 
in France and Italy. However, its absorbent power for the gelatine 
is less than that of wood meal, and it is more expensive. 2 

In Germany, since the beginning and after the World War, cereal 
meal and waste meal which are suitable for human food or cattle 
fodder, have no longer been used for the manufacture of dynamite 
for obvious reasons. 

COMPOSITION OP VARIOUS GELATINE DYNAMITES 

In addition to the above basic type, the 65 per cent gelatine 
dynamite, also called gelignite in England and in some varieties and 
with slight modifications gelignite in France, in the course of time a 
large number of gelatine dynamites with various nitroglycerine 
contents have come into more or less wide use. 

In Kngland there was at first often used a gelatine dynamite con- 
sisting of 80 per cent nitroglycerine-gelatine and 20 per cent dope, 
later gradations with 70 to 75 per cent gelatine, and finally almost 
universally a gelignite almost corresponding to the original type, or 
64 to 63 per cent nitroglycerine, 2 to 6 per cent collodion cotton, 24 
to 34 per cent saltpeter and 5 to 10 per cent wood meal. 3 

In France, where a government monopoly of powder and explosives 
exists and only the nitroglycerine explosives are allowed to be made 
by private factories, in the course of time countless gradations whose 
nitroglycerine content varied from 43 to 86 per cent were officially 
allowed. Kseales tabulates them according to their nitroglycerine 
content in table 29 based on Daniel's Didionaire des matieres explo- 

' Cereal meals have been widely used in the United States, mainly on 
account of their lower absorptive values, which in the case of gelatines rated 
at 30, 25 and now even 20 per cent strength is very useful because there is then 
very little oil to absorb.— Translator. 

3 Daniel, l>ictiannaire des matter es explosives, p. 340, 
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TABLE 29 

Esccdts tabulation of French, nitroglycerine explosives 



Nitroglycerine 

Collodion cotton 
Potassium nitrate. . 

Sodium nitrate 

Wood meal 

Cereal meal 

Magnesia 









n 








a 


w 

S 






3 

O 


o 


o 


o 



86.085.0 
5 0 5.0 



4.0 



5.0 



8.0 



84.0 

5,0 
9 0 



e 
« 

a 

o 



2.0 2.0 



83 0 
5.0 
10.0 

2.0 



n 
a 

3 
S 

o 
o 



82.0 
6.0 
9.0 

3.0 



s 

N 
2 

O 



H 

S3 



5 



74.0 
6.0 
15.5 

4.5 



74.0 
4.0 
110 

10.5 



O 

H 

a 

a 

o 
o 



70.0 
4.0 
16.0 



w 

O 



V. 



tH 

V. 

M 

H 

Sd 

o 



0.5 



10.0 



69.5 
5.5 
24.75 

0.25 



64.0 
3.0 



67.0 
3.0 
20.0 
— 24.0 



100 



8.0 



Nitroglycerine 

Collodion cotton. 
Potassium nitrate 
Sodium nitrate... 

Wood meal 

Cereal meal 

Magnesia or soda. 
Ocber 



geuo- 

NIT£ 
>" 



60.0 
3.0 
26.6 

10.0 

0.4 



KITE 

rl 



60.0 
6.0 
23.6 

10.4 



xo. 4 



59.0 
1.5 

25 0 
14.0 

0.35 
0.15 



<}6i.Ki- 

NITB 



DYNA- 
MITE 

"NO. 1 



q£la- 

IINfc 



57.9 
2.1 

28.7 

11.3 



57.5 
2 5 
32.0 



57.0 
3.0 
34.0 



8.0 



6.0 





DYNA- 






MITE 

g£ul- 


COMME 










2a 






50.0 


49.0 




15 


2.0 




42.0 








36.0 




6.5 


10.0 






3.0 











DYNA- 
MITE 

NO. 5 



48.0 

1.0 

36.3 
14.0 



0.45 
0.25 



DYNA- 
MITE 

TlNfe 
2B 



45.0 
3.0 
42.0 

10.0 



DYNA. 

GKU- 
TlKB 

2c 



43.0 
20 
41.0 

14.0 
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sives* Table 30 gives the French types of ammonia gelatine dyna- 
mites- The main gelatine dynamites used in France at the present 
time are shown in table 31. Of these mixtures the first naturally is 
very close to pure blasting gelatine as regards physical structure and 
behaviour, while the second, fourth and sixth do not differ appreci- 



TABLE 30 

French ammonia gelatine dynamites 





DTNAMTB 0 


f OBCITE EXTRA. 




per cent 

500 

2.5 
44.5 


per cent 

64.0 

3.5 






25 0 
6.5 






2.5 




1.0 




0-5 







TABLE 31 

Gelatine dynamites used in France at the present time 





fit LA- 
TINE 

DTKA- 
MTTK 

{fotabh) 


gAi.a- 

TIKB 


GELA- 
TINE 
B- 
F0TA9H 


(l£ LA- 
TINS 
B-fiOUA 


OOMME 

■ 


NITE 




82^83 


64 


57-5 


57 


49 


58 




5^6 


3 


2.5 


3 


2 


2 




9-10 




32.0 




36 


28 






24 




34 










8 


8.0 


6 


13 


12 






1 











ably from the ordinary German gelatine dynamite and English 
gelignite. 

In Belgium, where in general on account of difficult transportation 
regulations which make shipment of dynamite very expensive, these 
are very little used, and instead the ammonium nitrate type of 
explosives is largely made and used. The gelatine dynamite is called 



4 Escales, Nitroglycerin und Dynamii, p. 251. 
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"Forcite." The composition of the most important is shown in 
table 32, taken from Escales. 5 

In Austria gelatine dynamites are also called "Neu dynamite" and 
made mainly in the two types shown in table '33, of which the first 
about corresponds to the German dynamite. 6 

In America gelatine dynamites with 30 to 80 per cent of nitro- 
glycerine are made, but there in addition to these the non-gelatinous, 



Com\ 



TABLE 32 

isilion of Belgian gelatine dynamites 



Nitrogl yecrinc 

Collodion cotton. 
Sodium nitrate . . . 
Potassium nitrate 

Wood meal 

Cereal meal 

Magnesia 



roK- 

CITW 
EXT It A 


FOB- 
CITE 

bcp£b- 

IBTTBE 


auras 
roa- 

CITE 


FOB- 
CITE 
NO. 1 


ros- 
cipe 
no. If 


roR- 

CITE 
MO. 2 


FOR- 
CITE 
NO. 2p 


74 


64 


64 


49 


49 


36 


36 


6 


3 


3 


2 


2 


3 


2 




24 




36 




35 




14 




23 




37 




46 


5 


8 


0 


13 


11 


11 














14 


15 


1 


1 


1 




1 


i ! 


1 



TABLE 33 

Corn-position of Austrian gel-aline dynamites 





I 


II 


Saltpeter 


66.00 
24.82 
8.84 

0.34 


45.00 
40.15 

14.30 
0.55 


Wood meal 


Cereal meal 


Soda 






100.00 


100.00 



so-called "straight dynamites" play a considerable role. 7 The dope 
or absorbent contains, in addition to other things, sulphur, which is 

1 Escales, Nitroglycerin und Dynamii, p. 251!. 
* Kast, Spreng- und Z&ndstojfe, p. 297. 

7 The limit should be 20 to 80 per cent instead of 30 to 80 per cent. It is 
probable that straight dynamites (non -gelatinous), with or without the use 
of low-freezing liquid explosive components, have played a greater part in the 
United States than in Europe. — Translator. 
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very cheap in America, but which in underground mining is very 
likely to form troublesome gases of explosion. 8 Two analyses of 
low-strength American gelatine dynamites with 29 to 31 per cent 
nitroglycerine, 48 to 54 per cent sodium nitrate, starch, wood meal 
and sulphur are given by Hall and Howell. 9 

In Germany for years large amounts of the above-mentioned 65 
per cent gelatine dynamite have been made and used. In addition to 
this, large quantities have been exported to the English colonies, 
mainly Transvaal and Australia, to Japan and many other foreign 
countries overseas, containing potassium nitrate instead of sodium 
nitrate. 

The dope or absorbent for domestic products consists of 76.9 per 
cent sodium nitrate, 22.6 per cent wood meal and 0.5 per cent of 
chalk, that for export contains 80 per cent potassium nitrate, 19.5 
per cent wood meal and 0.5 per cent chalk, thus containing somewhat 
more saltpeter than Chile saltpeter, since the former contains less 
available oxygen on account of the higher atomic weight of the potas- 
sium than does the sodium nitrate, or 39.6 per cent versus 47 per cent. 

For certain purposes a weaker, so-called Gelignite II, containing 
47.5 per cent nitroglycerine, 2.5 per cent collodion cotton, 37.5 per 
cent potassium nitrate, 3.5 per cent wood meal and 9 per cent rye 
meal is exported. 

On the other hand, high strength gelatine dynamites of the com- 
position given in table 34 arc made for export. Formerly weaker 
types were mainly used in Germany, containing 53.5 per cent nitro- 
glycerine, 1.5 per cent collodion cotton and 45 per cent absorbents 
of the above composition with sodium nitrate, or a 55 per cent gela- 
tine dynamite. 

The World War, with its scarcity of glycerine, caused a funda- 
mental change along the line of utilization of gelatine dynamites 
containing a lower per cent of nitroglycerine, which taught economy 

8 At present the evidence seems to be that the gaseB of explosion obtained 
in actual underground use of gelatine dynamites containing sulphur do not 
contain sulphurous gases, all of the sulphur going to form sulphates with the 
sodium, but if tested in the Bichel Gauge large quantities of sulphurous gases 
arc obtained, due to lack of confinement on detonation and different reactions. 
— Translator. 

0 But. of Mines Bail. 59 (1913), also Z. Sckiess- u. Sprengstoffw., (1917), 
p. 250. 
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and limitation in all fields. Since this time, when glycerine was 
first confiscated and then released, with a rise in price, the consump- 
tion of 65 per cent dynamite has fallen off, and it is now used only 
where absolutely necessary and where blasting with a weaker explo- 
sive is impossible or uneconomical, while many places formerly using 
65 per cent dynamite have now learned to use a 40 per cent dynamite. 
This product is often improperly called "Substitute Dynamite." 
Although it naturally has a lower energy content than the higher 
strength dynamite with 65 per cent of gelatinized nitroglycerine, it 
still has the characteristics of gelatine dynamite, such as high density, 
high velocity of detonation and good plasticity. The explosive 
character of the nitroglycerine in it is exerted completely, in contrast 
to even the strongest of the ammonium nitrate dynamites, which in 



table u 

Composition of German high strength gelatine dynamites 





80 PER CBMH 


81 FEB CENT 


75 FEB CENT 


Collodion cotton 

Potassium nitrate 

Wood meal and some chalk 


percent 
75 

5 
15 
5 


percent 

75.8 
5.2 

15 2 
3.8 


per cent 

70.4 
4.6 

19.3 
5.7 




100 


100.0 


100.0 



Bpite of their greater total energy cannot be used in hard ore or rock t o 
compete with even the lower strength gelatine dynamites on account 
of their lower velocity of detonation and lower density. 

In such low strength dynamites the customary dope or absorbent 
of saltpeter and wood meal proportioned so as to give complete 
combustion, cannot be maintained, since the wood meal content 
would then become so high that an explosive sufficiently plastic to 
cartridge well could not be made. The result is a relatively high 
saltpeter content and consequently an excess of available, unused 
oxygen. Since the saltpeter not used for combustion of the explosive 
does not increase the strength of the latter, and does not act much 
differently than any salt not taking part in the decomposition, often 
a part of the excess saltpeter is replaced by any cheap, neutral salt 
Buch as common salt, which then plays only the part of a ballast or 
filler. 
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This suggests the idea that such a process must be irrational, 
since the miner instead of using the cheaper, low-strength dynamite 
with inert fillers, could just as well or even better use a correspond- 
ingly smaller quantity of the more expensive but stronger high- 
strength dynamite. However, this does not appear to be the case. 
Moreover, any mercantile point of view of the factory, which could 
perhaps find an advantage in the greater sale of the weaker, cheaper 
dynamite would not have been able to carry on long. As a matter 
of fact, it seems that the "stretched" dynamite in many cases is 
particularly advantageous and economical, perhaps because in many 
kinds of rock the distribution of the same amount of energy over a 
larger surface is more effective as regards results in blasting than 
the accumulation or concentration of the energy in a smaller space, or 
because formerly unnecessarily great amounts of energy were used. 
Under the influence of present conditions economy is watched to a 
greater degree than formerly and the cheaper, lower strength dyna- 
mites are now adopted where they are sufficient and where formerly 
they could have been used. 

Moreover, attempts have been made in the low strength dynamites 
to replace the voluminous wood meal wholly or in part by other, 
heavier carbonaceous materials as consumers of the oxygen of the 
saltpeter without desensitizing the nitroglycerine, i.e., without 
affecting its physical condition so as to diminish the velocity of 
detonation. Such materials are mainly the well known aromatic 
nitrocompounds which are used as explosive components of am- 
monium nitrate and chlorate explosives, such as trinitrotoluene and 
dinitrotoluene, which are in themselves explosives and which de- 
sensitize the nitroglycerine very little although they partly dissolve 
in it. 

By replacing saltpeter by potassium perchlorate, which is not much 
used on account of its high price, effects can be obtained with a dyna- 
mite having a low per cent of nitroglycerine which correspond to those 
having a high per cent of nitroglycerine and saltpeter. The potas- 
sium perchlorate furnishes just as much oxygen {46.2 per cent) as 
sodium nitrate (47 per cent), decomposes more easily and is denser, 
so that it increases the density of an explosive. Thus a 40 per cent 
dynamite containing potassium perchlorate, in which the wood meal 
has been partly replaced by hydrocarbons such as naphthaline, has 
a particularly good effect. 
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Reduction of the nitroglycerine content has been carried down to 
18 per cent, and during the war a so-called 18 per cent substitute 
dynamite, a plastic, gelatinous explosive of a nature more like dyna- 
mite and having a very effective action was supplied. It contained 
only 18 to 20 per cent nitroglycerine. In order to be able to work up 
an explosive containing so little nitroglycerine-gelatine to a plastic 
mass in the usual way which could be cartridged, it is necessary to 
"stretch" or "extend" the gelatine, as it is called in the explosives 
plants. This is done by the above-mentioned addition of aromatic 
nitrocompounds, which partly dissolve in the nitroglycerine. 

An oxidizing material as heavy as possible, such as potassium 
perchlorate, is of advantage in such "stretched" gelatines or dyna- 
mites with a low nitroglycerine content, in order to obtain a high 

plasticity and high brisance. 

Recently the sale of mining explosives in Prussia has been subjected 
to a new regulation by a police order of January 25, 1923, taking effect 
January 1, 1924, with the idea of making it more uniform. It is 
assumed that this uniformity will be extended to the whole country 
in a reasonable time. The regulation, which governs the designation 
and composition of explosives permitted by the administration and 
deteimines their field of use, i.e., divides them into explosives for 
rock or ore and explosives permitted in gaseous and dusty mines, 
applies only to those operations subject to police inspection by the 
mining authorities, but it is expected that in the course of time the 
field of application will be extended to all civil, commercial uses of 
explosives. 

According to the first list of mining explosives of February 1, 
1923 1 * the kinds of dynamite listed in table 35 may be sold to Prussian 
mines in the future from plants specially authorized. 

Ammonia gelatine, a more gelatinous, safer to handle and non- 
freezing explosive containing mainly dmitrochlorohydrine with a 
maximum of 5 per cent nitroglycerine, is also admitted under the 
group Dynamite. It will be considered in the next chapter, under 
non-freezing nitroglycerine explosives. 

Of these five kinds of dynamite, dynamite 1 represents the old 65 
per cent gelatine dynamite, with the possibility of replacement of 
the sodium nitrate either wholly or in part by potassium perchlorate. 

» Deutscker Reichsameigcr und Preitssischer Staatsanzeiger No. tf, Feb- 
ruary 17, 1923, Erste Beihxge. 
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TABLE M 

Dynamites which may be sold legally in Prussian mines 



Nitroglycerine 

Collodion cotton 

Nitrocellulose 

Sodium nitrate and/or potassium perchlorate 

Wood meal 

Soda and/or chalk and/or harmless colors like 

ocher, caput mortinim 

Nitrocompounds from toluene and/or naphthaline 

and/or diphenyl amine 

Alkali nitrate and/or potassium perchlorate 



DTNAH1TE 1 



per cent 

61 0-03.5 
1.5- 4.0 

25.0-29.0 
6.0- 9.0 

0 0- 2 0 



DTNAMITE 2 



per cent 

56.0-61.0 
4.9- 9 0 
3.0- 8 0 



Nitroglycerine 

Nitrocellulose 

Vegetable meal 

Nitrocompounds of toluene 
and/or naphthaline and/or 
diphenyl amine 

Alkali nitrates and/or am- 
monium nitrate and/or po- 
tassium perchlorate 



DYNAMITE 
3 



Nitroglycerine 

Collodion cotton 

Potassium perchlorate and/ 
or ammonium nitrate 
and/ or alkali nitrate 

Nitrocompounds of toluene 
and/ or naphthaline and/ 
or diphenyl amine 

Vegetable meal and/or solid 
hydrocarbons 

Alkali chloride 




0,0- 4.0 
25 0-30.0 



DVNAMITB 
4 



6.O-10.0 



44 0-n54.0 



DTNAH1TE 
5 



per cent 

16.0-20.0 
0.5- 2.0 



50.0-74.0 



2.0-12.0 

l.O- 6.0 
0 0-12 .0 



Nitroglycerine 

Nitrocellulose 

Vegetable meal and/ or 
solid hydrocarbons — 

Alkali nitrates and/ or am- 
monium nitrate and/ or 
potassium perchlorate. 

Inorganic inert salts 



per cent 

36 0-39.5 
0.5- 4.0 

l.O- 7.0 



40.0-50.0 
7-12 



Nitroglycerine . . . 
Collodion cotton 



GfcLATlKB 



per cent 

92.0-94.0 
8.0- 6.0 
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Dynamite 2 is of the same type and presents the possibility of work- 

■ 

ing into these limits semi-finished smokeless powder which is still 
obtainable from the army stocks, i.e., gelatinizing the nitroglycerine 
with a corresponding quantity of this semi-finished mass, instead of 
with collodion cotton, since the former always contains soluble 
nitrocellulose. Semi-finished smokeless powder with 40 per cent 
nitroglycerine can be added up to 15 per cent, according to quality. 

Dynamites 3 and 4 refer to the 40 per cent gelatine dynamite 
mentioned above, much used in recent times, also offering the possi- 
bility of replacement of collodion cotton by semi-finished smokeless 
powder. Dynamite 3 also allows as carbonaceous ingredients aro- 
matic nitrocompounds in addition to vegetable meal. In addition 
to wood meal, vegetable meal also embraces heavy vegetable meals 
such as tumeric meal and "Olmedo" meal, as well as the residue 
from wood spirit manufacture. The main representatives oi the 
nitrocompounds are di- and trinitrotoluene, in addition to dinitro- 
naphthalinc, trinitronaphthaline and hexanitrondiphenylamine, 
obtained from the army stores. 

Dynamite 4 provides for solid hydrocarbons instead of nitro- 
compounds in addition to or in place of vegetable meals, such as 
naphthaline and anthracene, as well as the ballast or filler mentioned. 
Finally, dynamite 5 represents the so-called 18 per cent gelatine 
dynamite previously mentioned, always containing a considerable 
quantity of nitrocompounds to stretch out the nitroglycerine content. 

MANUFACTURE OF GELATINE DYNAMITE 

Preliminary preparation of the "dope" 

Since the dope usually consists of oxidizing agents such as salt- 
peters or perchlorates on the one hand and combustible ingredients 
such as wood meal, cereal meal, powdered coal, etc., on the other 
hand, it is important for the most rapid and complete combustioo or 
participation in the instantaneous decomposition to mix the various 
constituents in as finely pulverized a condition as possible and as 
intimately as possible. 

On the other hand, they should also serve as absorbents or at 
least assist the retention of the nitroglycerine. It can easily be 
realized that substances of a dense structure, such as salt crystals, 
charcoal and anthracite coal, have a greater retentive capacity in a 
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finely divided form than in coarse particles. Wood meal must not 
be too finely divided if it is not to suffer in absorptive capacity. It is 
usually furnished in a sufficiently fine condition, and it is only neces- 
sary to put it through a shaker screen with 1 to 2 mm. openings to 
free it from the coarser particles and foreign bodies. Today it is 
frequently used in an air-dried condition, with 8 to 10 per cent mois- 
ture, since experience has shown that the small quantity of moisture 
so introduced into the explosive does not affect the properties and 
effectiveness of nitroglycerine explosives. Where this is not done it 
is given a preliminary drying in kilns or steam-heated driers, and 
occasionally the meal is also dried at 100 to 120°C. on flat, sheet iron 
plates which can be pushed into the drying chamber on rails and so 
undergoing a fight roasting, which is said to increase the com- 
bustibility. 

The anthracite coal or charcoal, occasionally used, is ground to a 
fine powder in an iron ball mill with iron balls by sufficiently long 
grinding, a moderate charge in the mill being of advantage. 

Nitrocompounds, such as trinitrotoluene, usually furnished in a 
granulated condition, in flakes or scales, are ground to a fine powder 
in a wooden edge mill. Under certain conditions, such as with soft 
nitrocompound mixtures of low crystallizing point a preliminary 
mixing of these with the other constituents of the dope, wood meal and 
saltpeter, on heated plates can be done, the nitrocompounds melting 
and mixing intimately with the other constituents. 

Potassium perchlorate should not be put under rolls, because here 
there is always friction and pressure due to the revolving copper 
rolls and the metal scraper which give the mixing action. Per- 
chlorates in admixture with the organic components of the dope f onn 
brisant explosives, sensitive to friction and not safe to handle. 

Nitrocompounds of low melting point, such as commercial dini- 
trotolucne, the so-called drip oil or w-dinitrotoluene, a mixture of 
isomeric dinitrotoluenes consisting mainly of m-dinitrotoluene, and 
nitronaphthaline, can be melted and dissolved in the nitroglycerine 
instead of being mixed with the components of the dope, and gela- 
tinized in the gelatinizing pan. Like nitroglycerine, they gelatinize 
with collodion cotton, as is well known. 

As regards specifications for the nitrocompounds it should be men- 
tioned that they must be absolutely free from mineral acids. They 
are usually tested by boiling about 5X1 grams in a flask with 100 cc. of 
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water for ten minutes. After cooling they are filtered and the filtrate 
titrated with N/10 caustic alkali. The acid found should not be 
more than 0.1 per cent of the nitrocompounds, calculated as HN0 3 . 
The low acid content found in well purified, commercial nitrocom- 
pounds consists of small quantities of weak organic acids, which 
involve no risk. 

Saltpeter and salts are given a preliminary drying on steam-heated, 
circular pans, the above-mentioned roller drier, or in other special 
driers, and ground to a fine powder in a Gruson or Excelsior mill. In 
the case of salts such as alkali chlorides, which serve as a ballast or 
filler, fine grinding is not necessary, since they do not take part in the 
decomposition. On the contrary, fine grinding of considerable 
percentages of such a ballast material is even a disadvantage, since 
they naturally hinder the passage of the wave of detonation the 
more the greater their surface. It is sufficient to screen such salts to 
free them from coarse particles. 

Potassium perchlorate is usually supplied as a fine crystal meal 
and therefore requires no special grinding. Since it is not hygro- 
scopic and usually contains only 0.04 to 0.05 per cent moisture, 
further drying is superfluous. In case it occurs in coarse crystals it 
may be ground in an iron barrel or Excelsior mill only if all organic 
contamination of the product or the mill is absolutely excluded, 
since in admixture with even very small quantities of organic sub- 
stances it becomes an explosive and can then be readily ignited or 
exploded by shock or friction. Potassium perchlorate which has 
been recovered from munitions by extraction with hot water usually 
contains a few per cent of aromatic nitrocompounds as impurities 
unless it has been subjected to a special purification with organic 
solvents, and in this condition it is an explosive sensitive to shock and 
friction, although giving a low effect. Such potassium perchlorate 
should only be ground in a wooden drum with wooden balls or in a 
wooden edge mill. 

The previously mentioned police order of January 25, 1923 pre- 
scribes in section 12 that potassium perchlorate, as it comes from 
munitions, may contain up to 1.5 per cent dinitrobenzene." 

11 According to a recent provision of the Minister of Commerce and Labor 
dated June 2 f j, 1923, 3 per cent dinitrobenzene in potassium perchlorate ia 
allowed. 
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The components of the dope, prepared as above, with the excep- 
tion of the perchlorate which is only added to the mixer, are subjected 
to a thorough mixing in a mixing drum with tignum-vitae balls. 
Dope so mixed is stored in heavy linen sacks or in covered sheet iron 
barrels, but is usually used fresh, since if it contains hygroscopic 
materials such as sodium nitrate or ammonium nitrate it can very 
easily absorb moisture. Although the dope is not an explosive 
mixture like black powder in the true sense of the word, it is very 
combustible, and fires occur occasionally in the mixers. It is there- 
fore advantageous to construct these buildings as nearly fireproof as 
possible, to isolate the different divisions by stone walls and to con- 
struct the roof of iron or incombustible materials. 

Manufacture of Dynamite 

The process of manufacture, preliminary gelatinization or gela- 
tinization and mixing, corresponds exactly to the manufacture of 
blasting gelatine described in the previous chapter, and is done in the 
same rooms and with the same apparatus. If the preliminary 
gelatinization is done cold in boxes the dope is added to the mixing 
machine. In the case of the English gelignite it is customary not to 
prepare the dope separately but to add saltpeter and wood meal to 
the mixing machine, which gives a sufficient mixing with the particu- 
larly long time of mixing given in the heated English mixing machines. 

On the other hand, if pre-gelatinization is done in copper pans 
heated by warm water there is given a so-called "pre-mixing" by 
hand of the dope with this thin gelatine for twenty to thirty minutes, 
then the semi-finished mass is put into wooden troughs and taken to 
the mixing house, where it is given a further mixing in Weruer- 
Pfleiderer machines for 10 to 15 minutes to form the gelatine dynamite. 
The finished, plastic mass is then taken in the same wooden troughs 
to the cartridging house, where it is packed into cartridges in the 
same way and with the same machines as with blasting gelatine. 

It should be noted that the dope must be rubbed through a 2 to 4 
mm. mesh screen having a wooden frame by a wooden paddle' 2 just 
before use, preferably in a special room, in order to free it from any 
foreign bodies which would be a source of danger during the mixing. 
The occasional practice of locating the screen above the gelatinizing 

" Revolving brushes arc used in the United States.— Translator. 
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pans and screening into the latter directly is not recommended, 
because it can give rise to dangerous shocks of the heavy screen or 
friction of the latter on the edges of the pan, which are covered with 
collodion cotton dust and particles of gelatine. 

The cartridge paper is parchment, or most frequently today the 
cheaper paraffined paper. 13 The packing is described under guhr 
dynamite and blasting gelatine. In order to protect the package 
from moisture on long storage or wetness it is often immersed in hot 
pa raff inc. 

A particularly good mixing and kneading machine for the manu- 
facture of gelatine dynamite has been built for some time by the 
Draiswerke G. m. b. H. in Mannheim- Waldhof. This so-called 
"Column Mixing Machine" has the vertical mixing shafts and re- 
movable bowl like the English mixing machine described in the 
section on blasting gelatine, but it differs from it in the form of the 
mixing blades, which resemble those of the Werner-Pfieiderer machine 
and which make possible a much more rapid mixing of the mass than 
is possible with the finger-shaped blades of the English machine. 
The main advantage of the Draiswerke design (figs. 34 and 35) is 
that a pre-mixing of the gelatine with the dope in the gelatinizing 
pan, transfer and transportation of the semi-finished mass to the 
mixing house is avoided, and gelatinization, pre-mixing and kneading 
are done in one and the same apparatus in the same building. 14 

The cylindrical, double-walled mixing bowl, which can be connected 
to warm water pipes so that the hollow wall can be filled with water 
at the desired temperature, is easily moved on ball-bearing wheels 
and guide rails. For each mixer a series of such bowls are provided, 
the latter serving at the same time as gelatinizing pans. 

They have a total capacity of 290 liters, so that they easily hold 
200 kg. (484 pounds) of gelatine dynamite. They are of brass on 
the inside and wrought iron on the outside. The exterior wall of 
the bowl is covered with a wood or linoleum jacket. 

As soon as the nitroglycerine is sufficiently gelatinized the dope is 
shaken in, the bowl pushed in under the mixing frame and the stirrers 
let down. The latter are raised and lowered by a hand crank, but if 
desired this can be arranged to be automatic through a friction drive. 
The cover of the mixing bowl, which rises and falls with the stirrers, 

13 Paraffined paper is universally used io the United State a.— Translator, 

14 This is also true of American practice. — Tkanslatob, 
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is of oak and linoleum. Points of impact of the stirrer cross bar on 
the column are covered with vulcanized fibre. All chains on the 
machine are of steel, the pulleys of gray cast iron. All wheels and 
spindles on which the stirrers move up and down are well covered. 
The base plate is channeled for the wheel tracks and so arranged that 
the brass rollers do not touch iron. The agitator shaft and blades 
are cast out of a single piece of bronze. 

An absolutely homogeneous mixing of the mass requires only eight 
to ten minutes in this apparatus. The power consumption varies 
from 6 to 12 H. P. 

The combining of pre-gelatinization, pre-mixing and mixing in one 
vessel in the same room gives a saving in labor. The whole process 
is characterized by simplicity and cleanliness. Another advantage is 
that the bearings of the mixing arms are not in contact with the mass 
of the explosive, as in the case of the Werner-Pfleiderer machine, so 
that there is no question here of penetration of the mass into the 
bearings, hardening there, and consequent friction. 

Preparation of small samples of gelatine dynamite in the laboratory 
For example, 100 to 200 grams composition as follows : 



For gelatinization it is best to use a small porcelain casserole with 
a handle, in which 125 grams, for example, of cold nitroglycerine is 
weighed, and 5 grams of finely screened collodion cotton well mixed 
with the cold oil. The casserole is then placed on a water bath at 
60 to 65 °C. and this temperature maintained by a small flame. After 
about twenty minutes gelatinization takes place, the gelatine then 
having the consistency of a thick syrup. Meanwhile 54 grams of 
saltpeter and 16 grams of wood meal have been intimately mixed in 
a porcelain mortar, and this dope is then gradually added to the thin 
gelatine while vigorously stirring with a horn spatula. After all of 
it has been added the mass is kneaded with the fingers like bread 
dough. Since most people quickly develop a headache in this opera- 
tion, even when washing the hands with acetone immediately after, it 



Nitroglycerine.. , 
Collodion cotton 

Saltpeter , 

Wood meal 



62.5 
2.5 

27.0 
80 



Fig. 35. Gelatine Mixing Machine 
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is recommended that the thorough mixing to complete homogeneity 
be done in a wooden mortar with a wooden pestle. The homogeneous 
paste is rolled out into a string or sausage on a board, the sausage 
eut by a horn spatula into suitable lengths, which are rolled in 
cartridge paper. 

Small residues of dynamite are dissolved in acetone, the acetone 
solution absorbed in wood meal or dope, and the mixture immediately 
burned on a metal plate. 

PROPERTIES AND STRENGTHS OF GELATINE DYNAMITES 

Plasticity 

In an unfrozen condition gelatine dynamites are cohesive, plastic 
masses which ean be kneaded and shaped. When they have a high 
nitroglycerine content they approach the gelatinous nature of pure 
blasting gelatine and are then less plastic but very elastic. The 
degree 0 f plasticity is dependent upon the collodion cotton content 
of the gelatine and the gelatinizing power of the collodion cotton, 
and also upon the nature of the other components, such as wood 
meal and oxidizing salts. Gelatine dynamite to be commercially 
useful should be so soft, flexible and plastic that it can be pressed 
into a sausage-like shape by the worm cartridging machine described 
under blasting gelatine, without any particular trouble or exertion of 
force. 

Density 

Gelatine dynamites are characterized by a particularly high den- 
sity, as compared to most pulverent dynamites. This density varies 
from about 1.5 to 1.8, depending upon the quantity of gelatinized 
nitroglycerine and content and nature of the salts and carbonaceous 
ingredients. Ordinary 65 per cent gelatine dynamite has a density of 
1.52 to 1.55. The 40 per cent dynamite containing trinitrotoluene 
and sodium nitrate 1.63 to 1.65, 40 per cent dynamite with high 
percentages of saltpeter and salts about 1.7, and those containing 
potassium perchlorate 1.8 and higher, the so-called 18 per cent 
dynamite (No. 5 of the new Prussian Police Order) with potassium 
perchlorate likewise about 1.8, and that containing ammonium nitrate 
only about 1.6. 
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Stability 

Gelatine dynamites should exude no liquid nitroglycerine even 
on long storage or at gentle heat. As regards exudation the same 
thing applies here as with blasting gelatine, for example the cartridge 
paper should not become greasy in twenty-four hours at 40°C. and 
after this period the mass should separate from the paper easily. 
After eight days at 30 G C. no nitroglycerine should exude. The 
degree of fulfilment of these conditions depends upon the quantity 
and degree of gelatinizing power of the collodion cotton. 

Gelatine dynamites are relatively stable toward moisture, the more 
so the higher their content of gelatinized nitroglycerine. However, 
the nature of the salts contained in the dope plays an appreciable 
role, so that for products intended for tropical countries non-hygro- 
scopic salts such as potassium nitrate, potassium perehlorate, etc., 
are used almost exclusively. 

With dynamites containing lower percentages of nitroglycerine- 
gelatine and particularly hygroscopic salts such as ammonium 
nitrate, for this reason a special, water-proof packing, called carton 
packing, is often used, i.e., the cartridges wrapped in paraffined paper 
are placed in small paper cartons containing 1 to 1.25 kg. (2} to 2f 
pounds) which are also dipped into paraffine, then two of the latter 
are packed into a larger paper carton, which is in turn wrapped in 
paper and dipped into melted paraffine. 

Chemical stability. The same thing applies here as with blasting 
gelatine- The Abel Test is made in the same way by mixing with 
talc. Gelatine dynamite made from perfect raw materials as a rule 
gives no reaction within twenty minutes. English regulations require 
ten minutes. The German railway regulations require heating for 
forty-eight hours of whole cartridges at 7o°C. without evolution of 
visible decomposition products. 

Sensitiveness to shock and blows. The sensitiveness of gelatine 
dynamite to blows is not appreciably different from that of blasting 
gelatine and guhr dynamite. According to Will 65 per cent gelatine 
dynamite detonates with the 2 kg. falling weight at 17 cm. Lenze 
occasionally obtained explosion at 5 and 10 cm. drops. 

Here also the toughness of the gelatine is not without influence in 
that the stiff er gelatine dynamites with the higher collodion cotton 
contents are less sensitive than those with the thinner gelatine. The 
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author, with a 65 per cent export dynamite containing 3.5 per cent 
collodion cotton and potassium nitrate, only obtained explosion with 
the 2 kg. weight at drops of 25 to 30 cm. Potassium perchlorate 
raises the sensitiveness to shock as compared with potassium nitrate. 
If the nitroglycerine is desensitized, for example by aromatic nitro- 
compounds, the sensitiveness to shock is reduced considerably. 
Gelatine dynamite which has become moist is less sensitive to shock 
than when dry. 

Freezing properties. Gelatine dynamite freezes very readliy, us- 
ually more easily than blasting gelatine, forming a stiff, hard mass, 
which only thaws gradually above 13°C. In a frozen condition it is 
less sensitive to shock and always difficult to detonate. 15 

Ignition; explosion by heating. Here also there is a perfect analogy 
with all nitroglycerine explosives. Gelatine dynamite is easily 
ignited by contact with a flame, and burns vigorously with a hissing 
sound. When in large quantities combustion can easily pass into 
detonation. The explosion point on heating small samples in the 
usual way in a beaker (20° per minute) is 204 to 205°C, as with blast- 
ing gelatine . Heating t o high temperatures always causes detonation. 
Above 180° there is decomposition and evolution of red vapors in 
increasing quantities. 

Sensitivenss to detonation by initial impulse; propagation of detona- 
tion. The statement made in the chapter on blasting gelatine on 
the sensitiveness of gelatinous explosives to an initial impulse natu- 
rally applies also to gelatine dynamites, which, however, are in general 
easier to initiate and which propagate detonation better than pure 
blasting gelatine, mainly due to their relatively lower content of 
collodion cotton but also to the breaking up of the colloidal mass by 
the intermediate dope, mainly the loose wood meal. The toughness 
of the gelatine, and so the content of collodion cotton, is the govern- 
ing factor. 

The appearance of physical changes such as diminution of ease of 
detonation, propagation of detonation and velocity of detonation on 
long storage, particularly at elevated temperatures, three charac- 
teristics which in one and the same type of explosive are closely 
related, applies to gelatine dynamite in almost the same degree as to 



16 Except for special orders grdatino (dynamite) in the United States is 
always made with low-freezing or non-freezing ingredients. — Th anslatok. 
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blasting gelatine, only with the difference that they become more 
perceptible with the higher collodion cotton contents such as must 
be used for export goods, for example with 65 per cent gelatine 
dynamite containing 3 to 3.5 per cent collodion cotton. The domes- 
tic gelatine dynamites, which can usually be consumed more quickly, 
and in which exudation is not criticized so severely as in the English 
colonies, for example, with their lower collodion cotton content of 
about 1.7 to 2.0 per cent in the 65 per cent gelatine, 1 per cent in the 
40 per cent and 0.7 to 0.8 per cent in the 20 per cent nitroglycerine- 
gelatine, do not have their properties noticeably affected by such a 
change in condition. They always detonate uniformly with the 
weakest ordinary blasting cap, a No. 1, and in the open propagate 
detonation to considerable distances, the latter being naturally 
dependent upon weight and diameter of the cartridge. 

The most common cartridge diameters of gelatine dynamite are 
23 and 25 mm., but 22, 20 and even 18 mm. are frequently used. 
These sizes would be 0.9, 1.0, 0.87, 0.79 and 0.71 inches respectively. lfi 

A cartridge of 65 per cent gelatine dynamite containing 2 per cent 
collodion cotton, 12 cm. (4| inches) long and 25 mm. (1 inch) in 
diameter, propagates detonation to a similar cartridge 10 to 12 cm. 
(4 to 4 1 inches) away. Even the weaker 40 and 20 per cent dyna- 
mites as a rule have a striking ease of detonation and propagation, 
for example 5 to 8 cm. (2 to 3 inches) with a No. 1 cap. 17 

The occurrence of this so-called propagation in the open and its 
maximum distance is the factory control of each mixing of explosives, 
and is the most useful criterion of a sufficient sensitiveness to detona- 
tion for practical use. 

For the miner the question of greater sensitiveness is at the same 
time one of cost, since with a dynamite of greater sensitiveness he 
can use a weaker blasting cap, which is considerably cheaper. He is 
accustomed to use a No. 3 cap with gelatine dynamite, while with the 
ammonium nitrate safety explosives a No. 8 cap is commonly used. 

Gelatine dynamite with a high collodion cotton content (for ex- 
port goods) requires a stronger blasting cap, especially after long and 
hot storage. A 65 per cent dynamite with 3.5 per cent collodion 

» Cartridges as large as 5J to 6 inches by 16 to 18 inches have a large sale 
in the United States for use in large holes in quarries .—Translator. 

17 No blasting caps smaller than No. 6 are made in the United States. 
Propagation or gap tests are required to be much greater here.— Transistor. 
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cotton, which showed propagation when fresh with a No. 3 cap, after 
storing for several months at 30°C. required No. 7 or 8 caps. More- 
over, the toughness of the gelatine, as well as the nature of the oxidiz- 
ing salts, is of particular influence upon the sensitiveness to detonation 
of the gelatine dynamite. The perehlorates, for example ammo- 
nium perchlorate which is little used on account of its high price, 
which give up their oxygen more readily than the sluggish alkali 
nitrates, have a favorable influence upon the sensitiveness to detona- 
tion of gelatine dynamites, which with dynamites high in collodion 
cotton can equalize the disadvantage of long storage, and with low 
strength dynamites in which the nitroglycerine is "stretched" and 
desensitized by aromatic nitrocompounds can counteract such a 
desensitizing action and ensure a satisfactory sensitiveness and propa- 
gation to such mixtures. This faet is explained by the lower heat of 
formation of the perehlorates, which under equal conditions give a 
higher heat of explosion, a higher temperature of explosion and higher 
explosion pressures than the alkali nitrates, all of which is naturally 
favorable to propagation of detonation. 

Velocity of detonation of gelatine dynamite}* With regard to the 
velocity of detonation of gelatine dynamite there is a condition 
analogous to that of blasting gelatine. The gelatinous basis governs 
the velocity developed, even with the low strength dynamites, 
although the nature of the other components, especially the oxidizing 
agents, is not wholly without influence . This influence extends more 
to the degree of ease with which the maximum velocity of detonation 
is released, which is of about the same order of magnitude in all 
types of gelatine dynamites, amounting to about 6500 meters per 

second, and which is determined only by the character of the 
nitroglycerine. 

With gelatine dynamite also, strikingly low velocities of detonation 
are obtained at times, amounting to 2000 to 2500 meters per second, 151 
and here the same factors as with blasting gelatine, namely collodion 
cotton content and toughness of the gelatine, diameter of the explo- 
sive train and degree of confinement, play an important role. 

The rise in velocity with increasing distances from the cap in the 

15 Stettbacber, Sckiess- und Sprerigstoffe, p. 48, 133, 139; Kast, Spreng- und 
Zundstojfe, p. 71 ; Escales, Nitroglycerin und Dynamit, p. 256. 

" Usually obtained with gelatines* containing 20 to 35 per cent low freezing 
explosive oil mixtures. — Translator. 
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Dautriehe test in an iron pipe, especially with small diameters sucli 
as 25 mm. {1 inch) and high collodion cotton content (3.5 per cent) 
in a 65 per cent dynamite, which is frequently observed, are charac- 
teristic. For this reason too short a train of explosives or too near 
a placement of the distance to be measured front the cap often gives 
incorrect results. In such a case only the initial velocity, which 
increases with diameter and strength of confinement and diminishes 
with increase of collodion cotton content, is measured. 

The low initial velocity of gelatinous explosives is one of the reasons 
why they are not suitable for initiating explosives, such as cap charges. 
Small quantities detonate slowly or require a disproportionately large 
initial impulse to release their maximum velocity, while a blasting 
cap charge of a suitable explosive, such as trinitrotoluene or tetra- 
nitromethylaniline (tetryl), has the characteristic that it detonates 
with high velocity with a very small quantity of a priming charge of 
directly detonating explosive, such as mercury fulminate or lead 
azide. 

All factors which affect the sensitiveness also affect the initial 
velocity. 

Example 1. A 65 per cent gelatine dynamite with 3.5 per cent 
collodion cotton and 28 per cent potassium nitrate, detonated in a 
pipe 25 mm. (1 inch) in diameter 10 cm. beyond the blasting cap 
with a velocity of 2350 meters per second. The same explosive 
with 28 per cent of potassium perchlorate in place of saltpeter reached 
a velocity of 7000 meters per second under the same conditions. 
After storing for six months the initial velocity diminished in both 
cases, the first having a velocity of 2250, the second 2750 meters per 
second. After the same length of warm storage the velocities were 
1500 and 1800 meters respectively. Storage thus reduced the sensi- 
tiveness, especially at elevated temperatures, but the favorable effect 
of the perchlorate is still felt after storage. 

Example 2. A 65 per cent gelatine dynamite with 1.75 per cent 
collodion cotton reached a velocity of 3000 meters per second in a 25 
mm. (1 inch) iron pipe 10 cm. beyoud the cap. At 30 cm. beyond 
the cap the maximum velocity of about 7500 meters per second was 
found. A similar test with a gelatine containing 3.5 per cent collo- 
dion cotton gave 2200 meters 10 cm. beyond the cap and 7000 meters 
50 cm. away from the cap. 

Example 3. In a 40 mm. tube the same dynamite with less col- 
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lodion cotton reached a velocity of 6750 meters per second imme- 
diately behind the detonator, about 7500 meters 20 to 30 cm. away, 
while when containing a good deal of collodion cotton it reached 
2400 to 2600 meters near the cap and 7500 meters 30 to 40 cm. away. 

Even the lower strength dynamites show similar high velocities 
of detonation, for example a 40 per cent gelatine dynamite with 1 
per cent collodion cotton gave about 6500 meters in a 35 mm. tube, 
dynamite No. 5 containing 18 to 20 per cent nitroglycerine and potas- 
sium perchlorate as the oxidizing salt 6500 to 6800 meters per second. 

Products of explosion of gelatine dynamite. It is the custom to so 
compound all gelatine dynamites, and since a few years ago all ex- 
plosives intended for mining, that the available oxygen they contain 
will suffice for complete combustion to carbon dioxide and water, or 
to have a certain excess of oxygen present which ean burn the cart- 
ridge paper as well, so that no combustible or poisonous gases can 
occur in the gaseous products of a properly initiated explosion. Such 
dangerous gases are hydrogen, methane and carbon monoxide. 

The new Prussian Police Order governing the sale of mining explo- 
sives, dated January 25, 1923, prescribes in sections 8 and 18 for 
brisant non-permissible and permissible explosives, that such explo- 
sives insofar as they may be used in underground mining, shall be 
compounded on a theoretical oxygen balance or an oxygen excess. 

One kilogram of 65 per cent gelatine dynamite having the composi- 
tion: 62.5 per cent nitroglycerine, 2.5 collodion cotton, 27 per cent 
sodium nitrate and 8 per cent wood meal gives the following calcu- 
lated products of explosion: 

grama 

CO, 449.03 

N, 163.10 

0 2 44.47 

H 2 0 175.05 

NfliCOa 168-35 

1000.00 

The explosive thus has a 4.5 per cent oxygen excess. The gaseous 
products of explosion, often called "fumes," have the composition 
given in table 36. The gases of explosion of 1 kg. of this gelatine 
dynamite occupy 605 .7 liters calculated to 0°C. and 760 mm. pressure, 
or 389.6 liters after condensation of the water vapor. Their com- 
position is as shown in table 37. The products of explosion of other 
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gelatine dynamites have a similar composition. When using potas- 
sium perchlorate they give a smoke of potassium chloride. The 
ammonium nitrate explosives leave no solid residue. 

In aetual gas analyses in the nickel steel bomb usually no free 
oxygen is found even when there is a small oxygen excess in the 
explosive, but rather some carbon monoxide, since some insulating 
material is introduced into the bomb on the wires for electrical 



TABLE 36 

Gaseous products of explosion of gelatine dynamite 





IK PJ5B CENT BT 
WEIGHT 


AFTEB CONOfcWSA- 
TION OF THE 
WATER VAWB 


co a 


per cent 

54 00 
19.60 
5.35 
21.05 


per cent 

68.4 
24.8 
6.8 




H s O 






100.00 


100.0 


TABLE 37 

Gases of explosion of 1 kg. gelatine dynamite 




111 PER CENT BY 
VOLUME 


AFTER CONDENSA- 
TION Or WATBB 


CO, 


per cent 

37 7 
21.5 
5.1 
35.7 


per cent 

58.6 
33.4 
8.0 






H s O 






100.0 


100.0 



ignition, and this consumes oxygen on combustion- Moreover the 
walls of the bomb and the metal parts of the blasting cap and its 
contents undergo a certain oxidation, so that the error in such deter- 
minations is not inappreciable, and veiy difficult to determine and 
to eliminate. Such investigations therefore have only a Kmited 
value, and we have to depend on calculation for the oxygen excess for 
all explosives having an oxygen excess, whose products of explosion on 
proper detonation are of known composition. This can be calculated 
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with certainty. On the other hand, with a deficiency of oxygen an 
explosion in the bomb also gives no correct picture of the practical 
conditions, since the explosive is usually fired in the bomb at very 
low densities of loading, while in the borehole the density of loading 
is 1. With incomplete combustion the density of loading has an 
effect upon the composition of the gases. 



TABLE 38 

Comparison of gelatine dynamite with blasting gelatine 



Nitroglycerine 

Collodion cotton 

Wood meal 

Sodium nitrate 

Potassium perchlor- 
ate 

Ammonium nitrate . . . 



Total 



Oxygen balance 

Density 

Lead block expan- 
sion 

Lead block crushing . . 

Maximum velocity of 
detonation 

Heat of explosion, 
HiO vapor 

Temperature of ex- 
plosion 



BLASTING 



per cent 

92.0 
8.0 



100.0 



+0.4% 
1.6 

560.0 cc. 
24.0 



8000.0 m/s 



1560.0 Cal. 



3200°C. 



PERCENT GELATINE DTNA.UITK 



Dynamite No. 1 



per cent 

62.5 
2.5 
8.0 

27.0 



0 



+4. 4% 
1.55 

400.0 cc. 
20.0 mm. 

7000.0 m/s 

1235.0 Cal. 

2950°C. 



per cent 

.5 
2.5 
8.0 



27.0 



100.0 



4-3.2% 
1.58 

430.0 cc. 
21.0 mm. 

7000 .0 m/s 



dynamite 
(FWite) 



percent 
63.0 

2.0 
50 



30.0 



300.0 



+1-5% 
1.44 

485.0 cc 
21.0 



Mill 



7000.0 m/s 



1290.0 Cal. 1300.0 Cal. 



3050 ft C. 



2770°C. 



// eai of explosion; temperature of explosion; strength. The 65 per 
cent gelatine dynamite develops a heat of explosion of 1230 to 1240 
calories with water as vapor, and about 1390 Calories with water as 
liquid. The temperature of explosion is 2950°C. The lead block 
expansion of 400 ec. net, lies between guhr dynamite and blasting 
gelatine. This lead block expansion is approached by the strongest 
ammonium nitrate explosives, which give 370 to 380 cc. The 
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characteristic difference between the effects of the two explosives is 
mainly in the different densities and velocities of detonation, these 
with ammonium nitrate explosives generally amounting to only 1 to 
1.2 and 4000 to 5000 meters per second. 



TABLE 38— Continued 

Comparison of gelatine dynamite with blasting gelatine 





40pkr cent gelatine dtkamite 


20 PER CKKT 
GELATINE 
DYNAMITE 
DTXAMITB 
NO- Q 


Dynamite No. 3 


Dynamite No. 4 




psr cent 


per cent 


per cenl 


1 pt?" cent 


Nitroglycerine gela- 










tine , 


400 


40.0 


40.0 


J 18 0-20 0 




6.0 


7.0 


2.0 


2 0-4.0 




10.0 






h 


Dinitrotoluene 








r 120 


Hydrocarbon 






5 0 ! 




Sodium nitrate 


44.0 


41.0 






Potassium perchlor- 










ate . . . 






41.0 


54.0 


Filler 




12.0 


12.0 | 


12.0 


Total 


100.0 


100.0 


100.0 J 


100 0 


Oxygen balance, 










about 


+7.0% 


+12.0% 


+2.5% 


+11.0% 


Density, about 


1.6 


1.7 


1.8 


1.8 


Lead block expansion. 










about 


290.0 cc. 


230.0 cc. 


330.0 cc. 


250.0 cc. 


Lead block crushing, 












18.0 ram. 


19.0 mm. 


20.0 mm. 


18.0 mm. 


Ma ximum velocity 










of detonation, 










about 


6500.0 m/s 


6500.0 m/s 


6500.0 m/s 


6500 0 m/s 


Heat of explosion, 
II aO vapor 


1030 . 0 Cal . 
2800°G. 


850.0 Cal. 
2500°C. 


1150 0 Cal. 






Temperature of ex- 


SOO.O Cal. 
2650 3 C. 









Table 38 gives a review of the technical data of the most important 
representatives of the gelatine dynamite class in comparison to 
blasting gelatine. 
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OTHER METHODS OF MANUFACTURE OF GELATINE DYNAMITE 

Of the various proposals made in the course of time to gelatinize nitro- 
glycerine in ways other than that used by Nobel, and convert it into a plastic 
form and so make it the basis of plastic explosives, nothing valuable has 
developed aside from the previously mentioned addition of Centralite, 10 nor 
has anything of industrial importance been discovered. These processes 
will therefore be mentioned only briefly. 21 

According to German patent 42452, issued to the Deutsche Sprengstoff 
A.-G. in 1887, nitroglycerine can be gelatinized by the addition of picric acid 
in quantities up to 10 per cent without heating. The addition of a strong 
acid like picric acid would affect the chemical stability of nitroglycerine and 
might also Bet free nitric acid from the nitrates in the presence of traces of 
moisture always at hand. 

According to German patent 108402, issued to Callenberg in 1898, the 
collodion cotton is first dissolved in oil of turpentine, for example, 1 part of 
collodion cotton in 4 parts of oil of turpentine. The mixture then gelatinizes 
rapidly and uniformly when warmed with nitroglycerine. Aside from the 
high price and the volatility of the oil of turpentine such a process is useless 
because collodion cotton does not dissolve to an appreciable extent in oil of 
turpentine, consequently the uniform distribution between nitroglycerine and 
collodion cotton is not appreciably facilitated, moreover uniform gelatinize- 
tion without such addition offers no difficulties, and on the other hand suit- 
able means such as aromatic nitrocompounds are available to increase the 
plasticity of low strength, plastic nitroglycerine explosives, and they desensi- 
tize very little. 

According to German patent 172651 of 1905, issued to Schachtebeck, drying 
of the collodion cotton is avoided by mixing the moist collodion cotton with a 
corresponding quantity of powdered glue, dextrine or starch, which swell 
with water and withdraw the latter from the fibers of the nitrocellulose, so 
that gelatinization is facilitated. However, as mentioned under blasting 
gelatine, water does not hinder gelatinization, but merely hinders fine and 
uniform distribution of the collodion cotton in the nitroglycerine- This 
latter is not favored in the presence of swollen glue or dextrine, and moreover 
the water, which would otherwise be mostly evaporated, remains in the gela- 
tine, rendering it sticky. The process therefore comes into consideration less 
in the case of high strength dynamites than as a means for increasing the 
plasticity of low strength explosives, such as the permissible nitroglycerine 
class. 

Attempts which have been made to entirely replace the always expensive col- 
lodion cotton and convert the nitroglycerine into a gelatinized state by other 
agents, have just as little success. In such a case it is usually merely a ques- 
tion of emulsions in which the nitroglycerine is more or less firmly retained but 

— 

2l> Cf . Chapter on Blasting Gelatine, Increasing Gelatinizing Power* 
21 Escales, Nitroglycerin und Dynamil, Modified Gelatinizing Processes, 
p. 256. 
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which can hardly show the physical stability that the true nitroglycerine- 
collodion cotton-gelatines Bhow, and which moreover have chemical dis- 
advantages attached to them. Such substances as formaldehyde condensa- 
tion products (German patent 176072) cannot for this reason displace collodion 
cotton because they are not cheap and must be used in far greater amounts 
than collodion cotton to obtain similar results (see also German patents 15073 
93351, 95390 and 110621). 

German patent 180685 of 1902, issued to Bichel, according to which a col- 
loidal solution of materials such as glue in suitable liquids of boiling points 
higher than water, such as glycerine, was used, attract a certain amount of 
attention. Glue was dissolved in glycerine by heating and stirring or by 
preliminary solution in water, which on further heating was evaporated from 
the excess of glycerine. More than five times the weight of the still warm, 
syrupy glue-glycerine-gelatine could be added as nitroglycerine and stirred 
to a stiff emulsion, which could hardly be compared to a true gelatine, but 
from which the liquid nitroglycerine could not escape on account of the sticky 
nature of the glue. An example is 63 per cent nitroglycerine, 11 5 per cent 
glue-glycerine in 1:7 proportions, 19.3 per cent sodium nitrate, 6.2 per cent 
wood meal. The "gelatine dynamite" so obtained is plastic and retains the 
nitroglycerine firmly, but in contrast to gelatine dynamite made with collo- 
dion cotton is greasy and sticky and does not break off the walls of the vessels 
easily. The strength as determined by the lead block expansion 1b not far 
below that of gelatine dynamite, 390 cc. The lack of economy of this process 
is explained by the large proportion of expensive glycerine required, which 
can be UBed to greater advantage as nitroglycerine, and which is replaced in the 
case of collodion cotton by cheaper components as oxygen consumers. The 
process iB therefore in no way practical and suitable for the manufacture of 
high strength dynamites in order to save collodion cotton, and at the same 
time it leadB to the formation of gaseB containing carbon monoxide, and has 
therefore found no application. On the other hand, the glue-gelatine has been 
used in the manufacture of low strength permissible explosives under the 
name of "Melan" in connection with a nitroglycerine -gelatine made of nitro- 
glycerine and collodion cotton. It is emulsified with the latter, and serves 
for the so-ealled "lengthening" of the gelatine, i.e., to increase the plasticity 
and improve cartridging of low strength, gelatinous nitroglycerine explosives 
(see Permissible Nitroglycerine Explosives). 

GELATINOUS EXPLOSIVES WITHOUT NITROGLYCERINE 

The outstanding property of gelatine dynamites, namely high 
density and convenient, plastic, flexible form, as a result of which it- 
can be easily pressed against the walls of the borehole and completely 
fill it, thus raising the effects produced, has not prevented attempts 
to imitate it. Attempts have been made to give all the other explo- 
sives a plastic, gelatinous form, the efforts being along the lines of 
replacing the always dangerous nitroglycerine. 
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By this is not meant the attempts of recent times to introduce 
other nitric esters haying properties similar to nitroglycerine, such 
as dinitrochlorohydrine or dinitroglycol. With these esters similar 
results can be obtained, or even in the case of nitroglycol equal results. 
Since at the same time the explosives are made non-freezing they will 
be considered in the next chapter under "Non-Freezing Nitroglycerine 
Explosives." 

The oldest of such efforts to produee gelatinous explosives without 
any nitroglycerine-gelatine led to a mixture of saltpeter or chlorate 
with nitrocellulose gelatinized by nitrobenzene or nitrotoluene, with 
the addition of some antimony sulphide, for example 21 per cent 
nitrobenzene, 1 per cent collodion cotton, 3 per cent antimony sul- 
phide and 75 per cent potassium chlorate, called Kinetit. 22 Such 
gelatinous mixtures with saltpeter cannot be detonated, and even 
when containing the sensitive chlorate they are sluggish and carry 
the detonation through the mass with difficulty, in contrast to 
the readily-detonating, powdery chlorate explosives. On the other 
hand, Kinetit was very sensitive to shock and friction, and did not 
last very long. 

A similar explosive was produced according to British patent 
22240 of 1912, by gelatinizing chlornitrobenzene, chlornitrotoluene 
and chlomitronaphthaline with nitrocellulose, and kneading the 
potassium chlorate into this. According the United States patents 
1041745 and 1040793, issued to Silberrad, gelatinous explosives are 
produced by the following chlorate composition: 65 to 70 per cent 
KCIOj, 12 to 13 per cent nitrotoluene, 6 to 7 per cent dinitrotoluene, 
6 to 7 per cent nitronaphthaline, 0.5 to 2.5 per cent soluble nitrocel- 
lulose and 5 to 6 per cent wood meal, or 63 to 70 per cent NH t C10 4 , 
12 to 14 per cent nitrotoluene, 6 to 7 per cent dinitrotoluene, 6 to 7 
per cent nitronaphthaline, 0.6 to 2.5 per cent soluble nitrocellulose 
and 6 per cent wood meal. 

Some time earlier a gelatinous explosive consisting of 70 per cent 
sodium chlorate and 30 per cent collodion cotton gelatinized with the 
so-called liquid trinitrotoluene, a mixture liquid at ordinary tem- 
peratures or at a gentle heat, of the isomeric trinitrotoluenes obtained 
from the residue of the recrystallization of 2,4,6-trinitrotoluene, was 
proposed under the name of Gelatine-Cheddit. This was com- 

** German patent 31786 (1884), British patent 10986 (1884), French patent 
163256, by Petri and Fallenstein, Duren. 
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pounded on an oxygen excess, in contrast to the previous gelatine 
chlorate explosives which all had an oxygen deficiency and conse- 
quently had given poisonous gases on explosion. This explosive 
came the nearest to perfection, since the nitrocompounds forming 
the gelatinous basis had in themselves an explosive character- 
All of these gelatinous chlorate explosives had the typical sensi- 
tiveness to shock and friction of all the chlorate explosives, and in 
this respect were no less dangerous to handle than gelatine dynamites. 
On the other hand, they lacked the certain, reliable ease of detona- 
tion of dynamites, and propagated detonation with more difficulty 
than analogous chlorate explosives without collodion cotton and 
which were therefore not gelatinized and more or less pulverent, and 
semi-pulverent, semi-plastie, moist but non-cohesive, gelatinous 
masses. 

The colloidal condition, which generally hinders propagation of 
the wave of explosion and reduces the sensitiveness, must naturally 
render detonation especially difficult in gelatines made from nitro- 
compounds which are in themselves of a weak explosive character. 
Even the use of the chlorates, those oxygen salts which most easily 
give up their available oxygen on account of their strong endothermic 
character and consequently raise the sensitiveness when used as 
explosive components, cannot offset the sluggishness of such gelatines. 

The idea developed by Stettbacher in his book Schiess- und 
Sprengstojfe, Section 2, Chapter 5 on the relation between chemical 
constitution and.cxplosive effect, that explosive materials with alipha- 
tic chains, such as nitric esters like nitroglycerine and nitrocellulose, 
decompose relatively difficultly, and that on the other hand the 
tendency toward explosive decomposition of nitrocompounds having 
a benzene ring is considerably greater, is the result of undervaluing 
the striking effect of the aggregate condition, such as air trapped in 
powdered crystals— liquids — gelatines — cast masses, etc., and does 
not withstand close examination under comparable conditions. 2 * 

The fact is that all gelatines having a relatively low true energy 
content and those which are not in themselves highly brisant explo- 
sives, give explosives which detonate too sluggishly. Gelatine made 
with a base of t rinitrotoluene isomers is no exception to this, although 

" Sec article by the author entitled "Chemical Constitution and Explosive 
Effect," Z. Schiess- u. Sprengstoffw., {1920), p. 5. 
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trinitrotoluene as a powdered crystal has a very high velocity of 
detonation and still a high sensitiveness. 

For this reason the gelatinous explosives having a base of relatively 
energy-poor aromatic nitrocompounds cannot compete with gelatine 
dynamites. 

The sensitiveness of such aromatic nitrocompound gelatines can 
however be raised by the addition of nitroglycerine, if low-melting 
or liquid eutectic mixtures of nitrocompounds at ordinary tempera- 
tures, miscible with nitroglycerine in all proportions, are gelatinized 
in common with the latter. In the proportion of two thirds dinitro- 
compound or di- and trinitrocompounds and one third nitroglycerine 
gelatinous explosives of a satisfactory sensitiveness to detonation can 
be made with the aid of chlorates as the oxidizing agents. 

Since gelatines made from nitroglycerine and aromatic nitrocom- 
pounds have the non-freezing property, such explosives will for this 
reason be discussed in the next chapter on low-freezing and non- 
freezing nitroglycerine explosives. 



CHAPTER XXII 



Low-freezing and Non-freezing Nitroglycerine 

Explosives 

dinitrochlorohydrine and nitroglycol explosives 

The disadvantage of nitroglycerine explosives attendant upon their 
relatively high freezing point and so uniformly and more or less slowly 
freezing in cold weather to a hard, stiff mass difficult to detonate, 
which only thaws slowly and therefore requires special deviees in 
actual use, has been a problem for the chemist from the earliest time 
of use of nitroglycerine- Attempts have been made to reduce the 
freezing point of nitroglycerine so far that freezing of the explosive 
would be prevented at winter temperatures. 

How this problem has been attacked in the course of time and how 
it was completely solved in a commercially satisfactory manner about 
t wo decades ago has already been described in the historical review, 
so that here there will be given more of the practical details of the 
various more or less complete solutions of this problem. 

The classical work of the Swedish engineer, Sigurd Nauckhoff, 1 
who first determined the molecular lowering of the freezing point of 
nitroglycerine by a great number of experiments, and clearly formu- 
lated the requirements which a material to be added to lower the 
freezing point must possess, cleared up the matter and explained the 
imperfection at that time of methods of producing low-freezing nitro- 
glycerine explosives. It defined the problem and in many ways 
smoothed the way for its solution. However, the solution was 
rendered possible somewhat earlier, independent of this work, by the 
use of dinitroglycerine and dinitrochlorohydrine, as well as other 
mixed esters of glycerine and esters homologous to nitroglycerine. 

It has been shown that the molecular weight of the substanees 
dissolved in nitroglycerine to reduce the freezing point of the latter is 
to be sure of theoretical significance, but for actual eases plays no 
appreciable role. If E be the lowering of the freezing point, m the 

1 Contribution to the Knowledge of the Freezing of Nitroglycerine and 
Nitroglycerine Explosives, Z. angew. Ch-em., 1905, pp. 11 and 53. 

356 



LOW-FREEZING AND NON-FREEZING NITROGLYCERINE 357 



concentration in per cent of the material dissolved in nitroglycerine, 
or g grams per 100 grams, and M its molecular weight, then 



M 



Nauckhoff determined the constant K to be 70.5, so that the formula 
becomes 



E = 70.5 1M 

M 



Accordingly, 1 per eent of water, provided that at the temperatures in 
question it were soluble in nitroglycerine, would reduce the feeezing 
point by almost 4°, 1 per cent methyl nitrate by 0.9° and 1 per cent 
dinitroglycerine by only about 0.4°. 

Aside from the fact that these constants apply to only dilute or 
moderately concentrated solutions, and diminish with concentrated 
solutions, there is no suitable substance soluble in nitroglycerine 
with approximately as low a molecular weight as water, which even 
at relatively low concentrations would reduce the freezing point of 
nitroglycerine in an appreciable manner. At low temperatures water 
is as good as insoluble in nitroglycerine, and moreover is volatile. 
Methyl nitrate, which when 20 per cent of it is added must theoreti- 
cally reduce the freezing point by 18°, received consideration on 
account of its highly brisant character and was mentioned by Nobel 
as a means of reducing the freezing point. Its great volatility hinders 
its practical use for ordinary cartridged mining explosives. Sub- 
stances having a low molecular weight which have been considered 
are usually volatile. For this reason substances of high molecular 
weight were turned to, but on account of the high freezing point of 
nitroglycerine, which it is necessary to reduce by 20 to 30°C, it is 
evident that large quantities must be added, and consequently only 
chemical compounds very soluble in nitroglycerine can be considered, 
and in view of the large quantities added only compounds which have 
the necessary solubility and which are themselves of a pronounced 
explosive character can be used. 

The Nauckhoff investigations and his specifications for suitable 
materials form the basis for the solution of the whole problem. 

One other point should be mentioned. If the material which is 
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added in considerable proportions, and which Itself must have a low- 
freezing point, also has the power of dissolving considerable nitro- 
glycerine at low temperatures, so that the dissolved nitroglycerine in 
turn can reduce the freezing point of the added compound, it is 
peculiarly capable of fulfilling its purpose. It is evident that related 
nitric esters dissolved in nitroglycerine, which are miscible with nitro- 
glycerine in all proportions, and almost all of which freeze at lower 
temperatures than nitroglycerine, fulfil this requirement to a great 
extent. 

These esters, whieh are in themselves highly explosive compounds, 
are the substances which have finally solved the problem, after their 
power of forming with nitroglycerine the so-called eutectic mixtures 
having very low freezing points and small tendencies to crystallize 
had been recognized. 

The aromatic nitrocompounds readily soluble in nitroglycerine also 
brought about a partial solution of the problem. The di- and tri- 
nitrocompounds have an explosive character and therefore do not 
desensitize the nitroglycerine too much. 

In practice the low freezing nitroglycerine explosives are divided 
into two classes; 

1. Nitroglycerine explosives containing aromatic nitrocompounds. 

2. Nitroglycerine explosives containing related nitric esters. 

To this should be added a kind of non-freezing explosives re- 
sembling dynamites: 

3. Explosives having a base of dinitroglycerine, dinitrochloro- 
hydrine or nitroglycol. 

NITROGLYCERINE EXPLOSIVES CONTAINING AROMATIC 

NITROCOMPOUNDS 

The oldest method of preventing dynamite from freezing consists 
in general of adding more or less nitrobenzene and nitrotoluene. 
Rudberg patented the addition of nitrobenzene and benzene in 1866. 
Nobel mentions in 1876 in his patent for gelatinized nitroglycerine 
among other things the addition of nitrobenzene and dinitrobenzene, 
and Wahlenberg and Sundstrom in 1877 protected the addition of 
o-nitrotoluenc. From the character of the mononitrocompounds, 
which in themselves are not explosive, it is evident why the desired 
end of rendering high strength dynamites and similar strength 
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gelatine dynamites non-freezing was not accomplished by their aid; 
the assertions of the inventors were not well founded. Smaller 
additions failed to accomplish their purpose. The freezing point was 
only slightly, or not sufficiently reduced for practical purposes. With 
greater additions such as were practically effective the explosive was 
desensitized considerably and its brisance lowered too much. 

The Nauckhoff tables 2 make this situation clear, and show that 
a mixture of nitroglycerine and 10 per cent nitrobenzene freezes even 
at +5°, with 20 per cent nitrobenzene at -f 2°, with 10 per cent nitro- 
toluene at +6° and with 22 per cent o-nitrotoluene at +1.5°. Thus 
at continued winter cold such mixtures freeze, although more slowly 
than pure nitroglycerine. 

A dynamite containing 52 per cent nitroglycerine, 10 per cent 
nitrobenzene, 3 per cent collodion cotton and 35 per cent sodium 
nitrate would still have an oxygen balance. It would therefore pro- 
duce harmless gases on explosion and be a useful explosive. It could 
be designated as low-freezing but not as non-freezing. 

A similar explosive formerly made in Austria under the name of 
"Low-Freezing Dynamite I," composed of 55 per cent nitroglycerine, 
10 per cent nitrotoluene, 2 per cent collodion cotton, 8 per cent wood 
meal, 24 per cent sodium nitrate and 1 per cent filler, was an effective 
explosive, but had about 16 per cent negative oxygen balance and so 
had the disadvantage of giving off harmful gases on explosion. 

The following mixture was called "Low-Freezing Dynamite II:" 
gelatinized nitroglycerine 40 per cent, nitrotoluene 8 per cent, lamp- 
black 0.5 per cent, wood meal 4.2 per cent, rye meal 3.1 per cent, 
sodium nitrate 43.7 per cent and caput mortuum 0.5 per cent. This 
explosive, which had 20 per cent of the nitroglycerine replaced by 
nitrotoluene, had a better oxygen balance of only about —4 per cent. 

With lower strength dynamites, nitrocompounds of this kind can 
give a greater degree of resistance to freezing, because with large 
amounts of nitrocompounds the larger quantities of oxidizing salts 
used give a satisfactory combustion. When required, the Carbonit- 
fabrik in Schlebusch bei Koln furnished a so-called non-freezing 
gelatine dynamite composed of nitroglycerine 28 per cent, nitroto- 
luene 12 per cent, collodion cotton 1.5 per cent, wood meal 1 per cent, 
ammonium nitrate 57.5 per cent. In this case the nitroglycerine if 

1 Z. angeur. Chem. (1905), p. 57. 
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mixed with more than 40 per eent of its weight of nitrotoluene and 
the total explosive oil contains 30 per eent of the latter. The explo- 
sive is gelatinous and packs well into cartridges. It has an oxygen 
balance of — 11.4 per cent and gives a lead block expansion of 410 cc. 
The lead block crushing amounts to only 15 mm. as compared to 20 
mm. for high strength gelatine dynamite, and its brisanee is therefore 
lower. It also requires naturally a stronger blasting cap than dyna- 
mite made with pure nitroglycerine. 

One disadvantage of this explosive is its penetrating odor of nitro- 
toluene and nitrobenzene, which the miners find troublesome. Its 
lower sensitiveness to shock and friction makes it safer to handle. 

The explosive mentioned above, containing 30 per cent mononitro- 
toluene* in the explosive oil mixture, freezes at — 15°C. on slow cooling, 
and does not crystallize completely on seeding with a nitroglycerine 
crystal. It thaws very easily on warming slightly. At — 5°C. it is 
quite soft. It is therefore designated as practically non-freezing 
for German winter climate. 

In order to desensitize the nitroglycerine less and reduce the 
brisanee of the dynamite less by the added compounds the di- and 
trinitro derivatives, especially of toluene, have been proposed instead 
of the mononitrocompounds, to reduce the freezing point. 4 Theoreti- 
cally these, as compared to the mononitrocompounds, will reduce 
the freezing point less on account of their higher molecular weight, 
according to Nauckhoff with 20 per cent nitrobenzene by 11.4°C, 
with 20 per cent dinitrobenzene 8.4°C, which is not of very much 
practical importance. The practical difficulty in obtaining a com- 
plete effect lies here in the lower solubility of the high-melting di- 
and trinitrotoluene in nitroglycerine at low temperatures, while on 
the other hand large proportions are necessary to render the mixtures 
in question non-freezing at winter temperatures. Nauckhoff cal- 
culated for a gelatinized solution of 100 parts of nitroglycerine and 
20 parts of nitrobenzene a freezing point of — 1.4°C. and determined 
experimentally +2.0°C., for 20 parts dinitrobenzene he calculated 

-f 1.2° and found +4.0°. With the nitrotoluenes the relations were 
similar. 

1 Mononitrotoluene has been found to be very poisonous on contact with 
the skin. — Translator, 

* Trench patent 333502 (1903), Hritish patent 14827 (1903), and 25797 (1904) 
of the Soc. anonyme des poudres et dynamites, Paria. 
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According to tests made by the author 100 parts nitroglycerine at 
20°C. hold in solution 35 parts of 2 , 4-dinitrotoluene and 30 parts of 
2, 4, ©^trinitrotoluene, while at their melting points these nitro- 
compounds mix with nitroglycerine in all proportions. At low tem- 
peratures of 0°C. and below the solubility coefficient falls considerably. 
The conditions in the case of the eutectic mixtures of the various 
isomers of these nitrocompounds frequently used in actual practice, 
are somewhat more favorable. At ordinary temperatures they are 
somewhat oily and are known under the names of bi-drop oil, mctabi- 
nitrotoluene and liquid trinitrotoluene. Addition of such liquid 
isomers of nitro-derivatives of toluene is the object of British patent 
25797 (1904). 

Leroux 5 proposed the addition of solid di- and trinitrotoluene. 
The statement that 10 per cent of these was capable of lowering the 
freezing point of nitroglycerine to — 25°C. is naturally incorrect. 

The practical behavior of mixtures of nitroglycerine and aromatic 
nitrocompounds, as well as the explosives made therefrom, can be 
determined experimentally by exposing them for a long time to low 
temperatures, for example in a refrigerating machine, and seeding 
them with a crystal of nitroglycerine. Often on account of the stub- 
born supercooling phenomenon and the relatively slow tendency 
toward crystallization of such mixtures, an explosive which remains 
liquid or soft on simple cooling without crystallization gives no certain 
conclusion as to the behavior on long transportation or long storage 
at winter temperatures. Solutions of 10 to 30 per cent di- or trinitro- 
toluene in nitroglyeerine freeze completely at — 15°C, and remain 
frozen at 0°C, solutions of 10 per cent mononitrobenzene or mononi- 
trotoluene freeze almost completely, of 20 per cent for the greater 
part, and 30 per cent partly. At 0°C. the 10 per cent solution does 
not alter, the 20 per cent solution thawed appreciably and formed a 
thin paste of crystals, and the 30 per cent thawed almost completely, 
corresponding to the Nauckhoff determinations. 

Also gelatines containing 15 to 30 per eent di- or trinitrotoluene 
freeze completely at — 15°C. and remain solid at 0°C. Gelatines 
containing 15 per cent of the mono-derivative freeze at — lo c C. and 
become soft at 0°C, while with 30 per cent the gelatines become stiff 
after a long time at - 10°C. but not hard, and soften again at — 5°C. 

B International Congress, Rome, 1906, Report II, p. 576. 
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These observations give an outline of the degree of resistance to 
freezing obtainable with dynamites containing such added compounds. 

Herlin has derived a formula for the calculation of cutectic mixtures 
of nitroglycerine with any nitrohydrocarbon,' but on the whole 
experiments with most of the nitrocompound mixtures used, which 
often do not crystallize uniformly and have no sharp crystallizing 
point, should lead to satisfactory conclusions. 

According t o Herlin's eutectic diagram the lowest crystallizing point 

of a nitroglycerine-nitrobenzene mixture is — 14°C. for the proportion 

45 per cent nitrobenzene and 55 per cent nitroglycerine, for o-nitro- 

toluene at -22°C. at a 50:50 proportion, and for the so-called 

liquid dinitrotolucne at -20°C. at a 40 per cent nitroglycerine: 60 

per cent dinitrotolucne ratio. According to this diagram a mixture 

of 60 per cent nitroglycerine and 40 per cent dinitrotoluene freezes at 
-0°C. 

When it is considered that dinitrotoluene itself is capable of explo- 
sive decomposition and consequently does not desensitize the nitro- 
glycerine too severely, it is evident that with such a mixture a dynamite 
which will not freeze at moderate winter temperatures can be pro- 
duced, according to the following approximate formula: 

jw cent 



Nitroglycerine 39 

Liquid dinitrotoluene 24 

Collodion cotton 2 

Wood meal 5 

Sodium nitrate , 30 



100 

As compared to gelatine dynamite made with pure nitroglycerine such 
an explosive naturally has the disadvantage of an unfavorable oxygen 
balance (about — 19 per cent) and consequently forms gases rieh in 
carbon monoxide when detonated. 

Naturally this non-freezing dynamite is also considerably less 
brisant than 65 per cent gelatine dynamite. The combustion formula 
can be improved by reduction in the gelatine content and increase in 
the sodium nitrate. The strength of the pure, high-freezing, high- 
strength dynamites naturally cannot be obtained in this way- A 



6 British patent 26493 (If) 13); Z. ScJiiese- u. Sprengstojfw., p. 345 (1919). 
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dynamite with only about 24 per cent dinitrotoluene (of the nitro- 
glycerine) and of the following formula: 

per cent 



Nitroglycerine 48 

Liquid dinitrotoluene 15 

Collodion cotton 2 

Wood meal 5 

Sodium nitrate. 30 



100 

has a better combustion equation, with an oxygen deficiency of only 
8 per cent. It gives a 350 cc. lead block expansion, 17.5 mm. crush- 
ing, detonates with a No. 1 cap and propagates detonation in the open 
in 25 mm. cartridges to a distance of 6 cm. Therefore the nitro- 
glycerine is only slightly desensitized by a 24 per cent dinitrotoluene 
content. According to the Herlin diagram this explosive would freeze 
at about — 1°C, which just about agrees with Nauckhoff, and it can 
therefore be regarded as a low-freezing explosive, although it naturally 
will not withstand long periods of cold weather. 

According to Stettbachcr 7 explosives similar but containing nitrate 
of ammonia and a mixture of equal parts of nitroglycerine and dinitro- 
toluene were used in Switzerland with good results under the name of 
"Gelatine-Telsit" and "Gamsit" in the construction of the great 
Alpine tunnels. They are made by the Fabrik Isleten am Vierwald- 
statter See and Gamscn bei Brig respectively. According to the 
Herlin diagram such mixtures would freeze at only about — 14°C. 

A Gelatine-Telsit of the following composition: 



per cent 

Nitroglycerine 22 . 0 

Dinitro toluene 21.0 

Collodion cotton 1.5 

Ammonium nitrate 55.5 

100.0 

on testing gave the following results : 

Oxygen balance —12.6% 

Lead block expansion. 380.0 cc. 

Lead block crushing 14.6 mm. 

Ease of detonation No. 6 Cap 

Velocity of detonation 6700.0 m/s 

Density 1.46 



1 Stettbacher, Sckiess- and Sprengslojfe, p. 139, also Swiss patent 48097 
(1909). 
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Thus the desensitization of the nitroglycerine required a strong 
initial impulse, but such an explosive when strongly confined gives 
a good brisance. On the other hand the products of explosion 
naturally contained carbon monoxide in no inconsiderable quantities. 

During the World War the so-called liquid trinitrotoluene was used 
in place of dinitrotoluene, the sensitiveness to detonation and brisance 
being improved thereby. 

Verg6 8 describes similar explosives containing liquid nitrocom- 
pound mixtures of low freezing point. They are obtained by 
nitrating to the di-stage a mixture of isomeric nitrotoluencs rich in 
m-nitrotoluene and dissolving 20 to 25 per cent trinitrotoluene in 
the oily products obtained. In this way a mixture of nitro derivatives 
of toluene can be obtained which crystallizes only below 0° and is 
particularly well suited for the manufacture of non-freezing dynamite. 

Verge gives the following examples: 

1. Nitroglycerine 

Liquid nitrocompounds.. 
Gun cotton 

Ammonium perchlorate. . 



Oxygen balance —5.4 

2. Nitroglycerine 

Liquid nitrocompounds. . . 
Gun cotton 

Ammonium perchlorate. . 
Sodium nitrate 



Oxygen balance 

In this case about 40 per cent of its weight as nitrocompound mixtures 
has been added to the nitroglycerine, and the explosive oil mixture 
contains about 30 per cent of aromatic nitrocompounds. This prac- 
tical, low-freezing explosive mixture should show a very good sen- 
sitiveness and strength, particularly with ammonium perchlorate 
present. The latter is made in France and Sweden, but has not been 
used in Germany up to the present time on account of its high price. 

s Swiss patents 66131 (1913) and 66511, and Patents of addition 67356, 

67359 and 67709 (1913). Also Z. Schiess und Sprengstoffw. (1915), pp. 104 
and 158. 



.. 40.0] 

. . 17.0 Gelatine, 62.0 per cent 
.. 5.0 

• 

100.0 



.. 37.0] 

. . 15. 0> Gelatine, 56.5 per cent 
4.5j 
25 2 
18.3 

100.0 

+1.1 
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When ammonium perchlorate is present in an explosive, use under- 
ground requires a corresponding addition of sodium nitrate to combine 
with the hydrochloric acid set free on explosion and fix it as sodium 
chloride. 

Two additional explosive mixtures according to the Verg6 patents 
are shown in table 39, From this table it is evident that replace- 
ment of the sodium nitrate by a more sensitive oxidizing salt 



TABLE 39 

Two explosive mixtures according to the VergS patents 



Nitroglycerine 

Liquid nitrocompounds* 

Collodion cotton 

Sodium nitrate 

Ammonium perchlorate. 
Potassium perchlorate... 




Oxygen balance 

Lead block expansion 

Lead block crushing 

Sensitiveness 

Propagation, 25 mm. cartridges in the open 



air. 



Velocity of detonation in 
Density 



diameter. 



+1-0% 
450.0 cc. 
20.6 mm, 
Cap No. 1 

4 .0 cm, 
6600 0 m/s 

1.52 



p*r cent 

41 
18 

3 



38 
100 



-1.1% 
405.0 cc. 

18.2 mm. 

Cap No. 1 

4.0 cm. 
7300.0 m/s 
1.57 



• Solution of 20 parts trinitrotoluene in 80 parts liquid metadioitrotoluene 



according to this patent allows gelatine dynamites to be made which 
are very little inferior from the practical point of view to the 65 per 
cent dynamite, in spite of a lower nitroglycerine content. At moder- 
ate winter temperatures they are at least low-freezing. 

Low-freezing blasting gelatine 

According to Stettbacher 9 a so-called special blasting gelatine has 
been furnished to a large extent in Switzerland, for example in the 
construction of the Jungfrau tunnel, by the Dynamitfabrik Isleten, 

B Stettbacher, Schiess- und Sprengsloffe, p. 135. 
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in which a certain amount of the nitroglycerine has been replaced by 
aromatic nitrocompounds. It forma a yellow-red, rubbery mass 
having a specific gravity of 1.58 and has an expansion of the lead 
block only slightly lower than that of ordinary blasting gelatine. It 
is less sensitive to shock than the latter and only detonates at twice 
as high a drop of the falling weight. It is said to withstand long 
continued cooling to several degrees below 0°C. without freezing. 
On the other hand it has the disadvantage of forming gases on explo- 
sion which contain carbon monoxide. 

NITROGLYCERINE EXPLOSIVES CONTAINING RELATED NITRIC ESTERS 

A severe explosion of frozen dynamite at the Gneiscnau Mine in 
1902 caused a renewal of attempts to make non-freezing dynamites. 
In 1903 patents were taken out by Mikolajzak for the manufacture 
and use of glycerine dinitrate, and from this time on the explosive 
industry turned industriously to the study of the lower glycerine 
nitrates and mixed nitric esters of glycerine as well as other nitric 
esters related to nitroglycerine, and investigated them as to their 
capability of forming non-freezing explosive oil mixtures with nitro- 
glycerine, suitable for the manufacture of non-freezing dynamites. 

The aromatic nitrocompounds used up to this time for the same 
purpose differed from these nitric esters in that the latter had an 
appreciably higher strength. The most important, dinitroglycerine, 
dmitrochlorohydrine, tetranitrodiglycerine and nitroglycol either 
stood only slightly below nitroglycerine or equalled it in this re- 
spect. Furthermore they remained liquid even at low tempera- 
tures and mixed with nitroglycerine in all proportions even at 
low temperatures, whereas the higher nitrated nitrocompounds 
were relatively slightly soluble in nitroglycerine at such temper- 
atures. Also their relatively favorable combustion equation or 
oxygen balance made it possible, even when using the large 
additions of them to nitroglycerine necessary to obtain absolute 
non-freezing properties, to produce high strength dynamites con- 
taining large quantities of explosive oils having a complete combus- 
tion equation, which consequently gave gases on explosion which 
were free from carbon monoxide. 
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Dinitroglycerine 

Since dinitroglycerine contains about 85 per cent of the energy of 
nitroglycerine it can readily be deduced that mixtures of the two 
differ only slightly in explosive strength from nitroglycerine. In 
addition to this there is the fact that nitroglycerine contains a slight 
oxygen excess (3.5 per cent), which to a certain extent can equalize 
the oxygen deficiency of the dinitroglycerine (17.6 per cent), so that 
a mixture of 83 per cent nitroglycerine and 17 per cent dinitroglycerine 
gives complete combustion and therefore theoretically the highest 
explosive strength. 

However, such a mixture freezes at winter temperatures. On the 
other hand, explosives whose oil consists of 60 to 70 per cent nitro- 
glycerine and 40 to 30 per cent dinitroglycerine freeze with difficulty 
and thaw again very easily at mild temperatures, and mixtures of 
equal parts are practically incapable of freezing, insofar as observa- 
tions in German winter climates arc concerned. 

A guhr dynamite containing a mixture of equal parts of di- and 
trinitrate gives a lead block expansion of 295 cc. as compared with 
325 cc. with pure nitroglycerine, or about 90 per cent of the latter. 

With the corresponding 65 per cent gelatine dynamite these values 
are 350 cc. and 390 cc, so that the proportion is therefore the same. 
Such a dynamite composed of 31.5 per cent trinitrate, 31.5 per cent 
dinitrate, 2 per cent collodion cotton, 29 per cent sodium nitrate, 
6 per cent wood meal still had an oxygen excess of 1.3 per cent and 
therefore gave no carbon monoxide on explosion. 10 

Mikolajzak gives among other the following examples of non- 
freezing dynamites: 



a. Guhr dynamite 

percent 

Dinitrate (60 per cent) 45.0 

Trinitrate (40 per cent) 30.0 

Guhr 23.0 

Chalk 2.0 

b. Blasting gelatine 

percent 

Trinitrate (about 85 per cent) 78.0 

Dinitrate (about 15 per cent) 14.0 

Collodion cotton 8.0 



Thi3 might not be true if a paraffined paper shell were used. — Translator. 
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Blasting gelatine freezes jnore slowiy than guhr dynamite and 
gelatine dynamite, yet the above mixture is likely to freeze. 



c. Gelatine dynamite 

percent 

DinltraM60 per cent) 38.4 

Trinitrate {40 per cent) - .... 25.6 

Collodion cotton 1.7 

Sodium nitrate 27 .0 

Wood meal 7.3 

d> Ammonia gelatine dynamite 

percent 

Dinitrate 40.0 

Collodion cotton 1-2 

Turmeric meal 

Ammonium nitrate 54.0 



TABLE 40 

Composition of "Tremonite" 





QELATrNE-TRKMONITE 




I 


n 




percent 


per cent 


Gelatinized di-trinitroglycerine mixture 


47.5 


30.0 




5.0 


10.0 


Wood meal 


5.0 


2.0 


Ammonium nitrate 


22.5 


40.0 




20.0 


18.0 




400 cc. 


375 cc. 



This explosive had only a slight oxygen deficiency, 2.4 per cent, and 
a very good strength in the lead block test, 400 cc. net. Such an 
explosive was furnished for a long time by the Castroper Sicherheits- 
sprengstoff A.-G. from their Rummenohl Plant at Hagen in Westfalia 
under the name of "Tremonite." (See table 40.) This explosive 
was compounded on about an even oxygen balance and therefore gave 

harmless gases on explosion. 

The same company produced permissible explosives having a dini- 
troglycerine basis, which were non-freezing, which will be taken up in 
the next chapter. 

Di nitroglycerine was gradually displaced by dinitrochlorohydrine, 
which in addition t o greater convenience in handling had the advan- 
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tage over the former in being insoluble in water and safer to handle, 
while dinitroglycerine had a higher sensitiveness to mechanical effects 
and did not differ in this respect much from nitroglycerine. 

On the other hand, the doubts expressed by Will" did not prove to 
be well founded. Will feared that dinitroglycerine, on account of its 
ability to form an hydrate melting only at +26°C, and its hygrosco- 
picity in the form of this hydrate, would freeze in the explosives and 
not be suitable for the manufacture of non-freezing dynamites. 

In actual practice the explosives in question did not appear to ever 
freeze, even when moist di nitroglycerin was used. In this connection 
it should be noted that the Mikolajzak method of manufacture used 
by the Castroper Company formed both isomers of dinitroglycerine 
in about the proportions of 60 parts of the form, producing hydrated 
crystals to 40 parts of the non-crystalline form, and that the tendency 
to crystallize of the commercial product was apparently very slight. 

Dinitrochlorohydrine 

The addition of dinitrochlorohydrine to nitroglycerine explosives 
to render the latter non-freezing was patented 12 in 1904 by the 
Dynamit A.-G. vorm Nobel & Co., which soon afterward built at the 
Schlebusch (near Cologne) Dynamite Plant an extensive factory for 
the manufacture of monochlorohydrine from glycerine and sulphur 
chloride, nitrating the monochlorohydrine to dinitrochlorohydrine 
in their dynamite plant, and putting out non-freezing dynamites 
containing a corresponding nitroglycerine content. F. Itoewer 
describes this in detail." 

Like dinitroglycerine, dinitrochlorohydrine is able to reduce to a 
great extent the freezing point of nitroglycerine. If mixtures of 20 
to 30 per cent of dinitrochlorohydrine and 80 to 70 per cent nitro- 
glycerine are cooled to temperatures of 15 to 18°C. below 0°C. and 
seeded with a crystal of nitroglycerine, after several days the nitro- 
glycerine finally crystallizes out of the mixture, while the dinitro- 
chlorohydrine remains liquid throughout the mass. On the other 
hand, cartridges containing 20 per cent dinitrochlorohydrine in 
nitroglycerine, when frozen in this way, thawed at 0°C. When 25 

11 Reported at other points under Dinitroglycerine. 

" German pat ent 183400. 

" Z. Schiess- u. Sprengstofw. (1906), p. 228. 
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per cent dinitrochlorohydrine was used the cartridges were still soft 
at — 3°C. Moreover, the supercooling phenomenon or crystallizing 
tendency of nitroglycerine is appreciably affected by such additions, 
so that without seeding by frozen nitroglycerine such cartridges do 
not freeze on continued exposure to cold weather, in contrast to 
those containing pure nitroglycerine. If the proportion of dinitro- 
chlorohydrine amounts to 30 per cent of the explosive oil even seeded 
cartridges freeze only partially in cold weather, and do not become 
hard throughout. 

A mixture of 60 per cent nitroglycerine and 40 per cent dinitro- 
chlorohydrinc can be stored for a week at — 15°C. without freezing, 
only the seeding crystal growing somewhat in size. Even on immer- 
sion for several hours in ether cooled by solid carbonic acid to —50° 
to — 60°C. crystallization did not take place- The liquid became 
more viscous, and at — 15°C. it became liquid again. If the propor- 



TABLE 41 

Lead block expansion of non-freezing dynamites 





GT7HB 
DYNAMITE 


BLAHTIXO 
GELATINE 


GKUUIKtTE 






cc. 


cc. 




300 


555 


395 


b. With 20 per cent dinitrochloroliydriae 


301 


541 


384 



tion of dinitrochlorohydrine worn still further raised the seeding 
crystal itself dissolved at — 10°C. According to this, 40 parts of 
dinitrochlorohydrine can keep 60 parts of nitroglycerine in solution 
at -15°C. 

In actual practice it has been found that dynamite in which 20 to 
25 per cent of the nitroglycerine has been replaced by dinitrochloro- 
hydrine, may be regarded as low-freezing, and that at a 30 per cent 
addition it can be called non-freezing for Kuropean winter climates. 

Since dinitrochlorohydrine itself is a highly brisant explosive with 
70 per cent of the energy content of nitroglycerine, it is evident that 
such additions can only inappreciably reduce the effectiveness of the 
explosives in question. Roewer H in table 41 gives the data on the 
strength of non-freezing dynamites with a 20 per cent addition. 

14 hoc. cit. 
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He calculates the thcrmochcmical data and gas development as 
shown in table 42. Even with a 30 per cent dinitrochlorohydrine 
addition the explosive strength is not injured appreciably. 

TABLE 42 



Thermoch emical data and gas development of non-freezing dynamites 





HEAT OF 
EXPLOSION 
PER KtLOGltAM 


tempekatl'he 

OF 

EXPI-OHIOM 


QUANTITY 
OF <iAS 
PEW KILOGRAM 




calories 




liter* 


a. Gelatine dynamite : 

63 per cent nitroglycerine 
2 per cent eollodion cotton 
26 j)er cent sodium nil-rate 
9 per rent wood meal 


1244 


2939 


716,8 


b. Low-freezing gelatine dynamite: 
50.4 per cent nitroglycerine 
12.6 per cent dinitrochlorohy- 
drine 

2 0 per cent collodion cotton 
26 0 per cent sodium nitrate 
9.0 per cent wood meal 


< 

1278 


2835 


687.2 



TABLE 43 

Comparistm oj non-freezing dynamite with pure (nitroglycerine) dynamite 





LiKAl) BLOCK 
EXPANSION 


CRUSH INO 
EFFECT 




cc. 




a- Gelatine dynamite : 

63 per cent nitroglycerine 

2 per cent collodion cotton 
28 per cent sodium nitrate 

7 per cent wood meal 


415 


21 


b. Non-freezing gelatine dynamite 
44 per cent nitroglycerine 
19 per cent dinitrochlorohydrine 

2 per cent collodion cotton 
28 per cent sodium nitrate 

7 per cent wo oil meal 


398 


n 



The author found the values with non-freezing dynamite as com- 
pared with pure (nitroglycerine) dynamite to be as shown in table 43. 
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The expansion of the non-freezing explosives is thus 96 per cent, the 
crushing effect 90.5 per cent, of that of ordinary dynamite. The 
oxygen balance of the non-freezing dynamite is +1.8. It therefore 
develops no carbon monoxide on detonation. 

The hydrochloric acid set free on explosive decomposition of 
dinitrochlorohydrine, which could injure miners in underground 
operations, is neutralized by the carbonate formed from the saltpeter, 
and converted into chloride. It should be noted here that explosives 
containing dinitrochlorohydrine for underground use should always 
contain a quantity of alkali nitrate equivalent to the chlorine present. 
This is usually the case with ordinary dynamite. 

Practical use and tests in the bomb have shown that dinitrochloro- 
hydrine explosives containing a corresponding content of alkali 
nitrate actually give gases of explosion free from hydrochloric acid. 

Gelatinous explosives containing mainly dinitrochlorohydrine, 
with only a small amount of nitroglycerine, have been popular for a 
long time. They are both non-freezing and safe to handle. 

Dinitrochlorohydrine has also been used for the manufacture of 
non-freezing, safety and permissible explosives. They will be con- 
sidered in chapter XXIII. 

Tetmnilrodiglycerine or nitropolyglycerine 

Nitrated polymerized products of glycerine were proposed even 
earlier than the above-described nitric esters for the manufacture of 
low-freezing dynamites, as a matter of fact by Wohl in 1890." Ho w- 
ever, his process of heating glycerine, perhaps mixed with methyl, 
ethyl and other alcohols and with addition of concentrated sulphuric 
acid to 130 to 140°C, forming in addition to di- and triglycerine 
glycerine esters or their polymers, had considerable commercial 
disadvantages which stood in the way of practical introduction. 
Distillation of the raw material would have raised the cost of the raw 
material for nitration considerably, and the former contained resinous 
materials caused by the action of the sulphuric acid, which rendered 
separation and stabilization of the products of the nitration difficult 
on account of emulsion formation. 

It was known even earlier that the various kinds of commercial 
glycerine gave nitroglycerines which differed as regards ease of 

" German patent 58957. 
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crystallization. The work on the question of reducing the freezing 
point of nitroglycerine by the addition of related nitric esters caused 
the suspicion that the greater or lesser content of diglycerine in 
dynamite glycerine, which diglyeerinc on nitration was converted into 
the viscous, non-freezing tetranitrodiglycerine, was the reason for 
the different behavior. 16 Will followed this up and prepared mix- 
tures of glycerine and diglycerine suitable for nitration, which gave 
non-freezing explosive oils having a corresponding tetranitrodiglyc- 
erine content. 17 The latter differed as little from nitroglycerin in 
strength and brisance as the corresponding mixtures with dinitro- 
glyccrine and dinitrochlorohydrine (see Diglycerine and Tetranitro- 
diglycerine). Since tetranitrodiglycerine had just about as favorable 
decomposition equation as dinitroglycerinc the same thing applies 
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Examples of non-freezing straight dynamite 
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percent 

25 
15 
10 


per cent 

15 

15 
10 
3 
2 


TetranitrodigJycerine 






m 


55 





to the products of explosion of non-freezing explosives made from it 
as for dynamites containing dinitroglycerinc. Explosives containing 
20 to 25 per cent of tetranitrodiglycerine are non-freezing at ordinary 
winter temperatures. 

In Germany the process has up to the present time not been used 
in actual practice because the manufacture of dinitrochlorohydrine, 
which served the same purpose, was more convenient on a com- 
mercial scale. 

United States patent 855595, issued to the duPont de Nemours 
Powder Company, refers to the same process of partial condensation 

11 KaBt, Spreng- und Ziindstofe, p. 152; Z. Schiess- u. Sprengstoffw., I. p. 
231-232 (1905). 
17 Will, same. 
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of glycerine and nitration of the product obtained. 18 Patent 852142 

gives the examples of non-freezing straight dynamites 19 shown in 
table 44. 

Mixed glycerine esters: Acetyldinitroglycerine (diniiroacetin) and 

Formyldinitroglycerine (dinilroformin) 

These products have been proposed by the Italian Vczio Vender 
for the manufacture of non-freezing explosive oil mixtures. 29 Ac- 
cording to him the addition of 10 to 30 per cent to nitroglycerine is 
sufficient to produce dynamites which only freeze at -20°C, even 
when seeded with a crystal of nitroglycerine. According to tests by 
the author cartridges of dynamite in which 20 per cent of the nitro- 
glycerine had been replaced by acetyldinitroglycerine, froze at 
winter temperatures. Mixtures of 70 per cent nitroglycerine and 30 
per cent of the acetyl ester freeze only partially at -20°C, when 
seeded with a nitroglycerine crystal, and do not solidify completely. 
They thaw again below 0°C. Thus acetyldinitroglycerine is as good 
as dimtrochlorohydrine, but since the former is a weaker explosive 
and has a less favorable decomposition equation the dimtrochloro- 
hydrine has assumed first place. 

Dinitroformin is just as effective as regards prevention of freezing, 
but on account of the expensive manufacture of the formin from 
glycerine and oxalic acid it appears to have found no commercial use. 
Its brisance is naturally superior to that of dinitroacetin . 

» See also British patent 264800 of 1926 and 265146 of 1926 to Henkel & Cie. 
for manufacture of poly glycerine. 

19 RoBin has not been used in the United States for a great many years. 
For many years low-freezing explosives in the United States have contained 
from 22 to 35 per cent tetranitrodiglycerine, often with the addition of di- and 
trinitrotoluene also. Dinitrochlorohydrine haB been used to only a very 
limited extent, mainly by the former Aetna Company. It can almost be said 
to have not been a factor in low-freezing explosives. At the present time all 
blasting explosives in the United States, except blasting gelatine which is 
hardly used at all, are furnished in the low-freezing form unless that containing 
nitroglycerine alone is specially ordered for special purposes. This applies 
both summer and winter, since explosives may be stored along time. 
— Thansl.vtok. 

Schiau- und Sprengntoffw., II, pp. 21 and 195 (1907), also Part II of 
this book . 
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Butylene glycol dinitrate 

According to United States patents 994841 and 994842 (1911) 
1,3-butylene glycol dinitrate in admixture with nitroglycerine is 
used as the basis of non-freezing explosives. Its effectiveness in this 
respect should not be doubted, but the rather inconvenient manufac- 
ture of the butylene glycol from acetaldchyde via aldol by reduction 
of the latter, 21 and the difficult nitration of the glycol 22 have stood 
in the way of commercial application. As regards explosive strength 
it is inferior to the other nitric esters used for the same purpose. 

Nitroglycol and methylglycol dinitrate (a-propylene glycol dinilrale) 

These two esters have been proposed as additions to nitroglycerine, 
to prevent freezing of the latter, in German patent 179789 of 1904. 
While propylene glycol dinitrate has not up to the present received 
commercial consideration, on account of the difficulty in obtaining 
the propylene glycol and some difficulty in nitration, 23 nitroglycol 
combines all the properties required for the purpose (see Part II). 
It is somewhat superior to nitroglycerine in brisance, it decom- 
poses into carbon dioxide, water and nitrogen, and has an excel- 
lent gelatinizing power, so that gelatine dynamites containing 
a partial replacement of nitroglycerine by nitroglycol differ not in 
the slightest in explosive strength from ordinary gelatine dynamites, 
and in addition have the great advantage of not freezing. The 
somewhat higher volatility of the nitroglycol is a certain defect, which 
during manufacture can give rise to physiological disturbances as 
with nitroglycerine but to a greater degree. 

At the time of the introduction of this category of non-freezing 
dynamites containing nitric esters no economical synthesis of the 
glycol was known. When the. scarcity of glycerine during the war 

» United Stales patent 1008333. 

tt Sec Part II, Uutvlene Glvcnl Dinitrate. 

a * United States patents 1307032; 1307033; 1307034; 1371215 show a method 
of manufacture of a mixed ethylene-propylene glycol from "cracked" oil gases, 
satisfactory methods of nitration and stabilization, and explosives made 
with suitable proportions* oF threw: mixed esters, which practical tests in actual 
use showed could not l>e frozen even at temperatures prevailing; in winter along 
the Canadian horder, or -10 to — 30 3 F.— Translator. 
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turned attention to glycol syntheses and caused them to be developed, 
many gelatine dynamites containing mixtures of nitroglycerine and 
nitroglycol were supplied, and they had the advantage of not 
freezing. 24 

M Ethylene glycol has been manufactured commercially for almost two 
years by the Carbide & Carbon Chemicals Corporation, a part of the Union 
Carbide and Carbon Corporation, N. Y. The production at South Charleston, 
West Virginia, was more than 5,000,000 pounds in 1926, and there is every 
indication that the total output in 1927 will be much greater. It is evident 
that the manufacture of ethylene glycol has already takeo a definite place in 
American chemical industry. 

The researches conducted at the Mellon Institute, Pittsburgh, supple- 
mented by extensive practical experience, make it clear that ethylene glycol 
iB not a mere substitute for glycerine, but is actually superior to glycerine in 
many respects. 

It will interest European explosives specialists to learn that every large 
manufacturer of explosives in the United States is now using ethylene glycol 
in dynamite. Ethylene glycol can be readily nitrated, and its inclusion in 
dynamite gives a non-freezing product without diminution of sensitiveness 
to detonation, which is not the case with polymerized glycerine, used hitherto 
for the same purpose. For further information refer to Rinkenbach, Bureau 
of Mines, Chemical and Metallurgical Engineering. 

Because of the nature of the process of manufacture of ethylene glycol its 
price does not follow that of glycerine. The price has been set by the manu- 
facturer at 30 cents per pound (2.80 Mark per kg.) in spot quantities. This 
price has not varied during the whole of last year, whereas the cost of chem- 
ically pure glycerine has ranged from 25 to 30 cents per pound. It is under- 
stood that large consumers of ethylene glycol on a contract basis have obtained 
prices considerably lower than 30 cents per pound. 

The American producer has no intention of competing directly with gly- 
cerine manufacturers, taking the view that both products have their specific 
uses. In addition to ethylene glycol the above company is directing its 
activities toward production of other compounds such as ethylene glycol 
mono-ethyl ether (cellosolve), which has already reached an important posi- 
tion in lacquers. {The Chemical Age, London, May 7, 1927, p. 442; also Chem. 
and Met. Eng., April, 1927, p. 213.) 

In Germany ethylene glycol ib now manufactured in large quantities by 
the 1. G. Farbenindustrie A.-G. at Ludwigshafen. For a year or bo explosives 
manufacturers have used nitroglycol mixed with nitroglycerine to make non- 
freezing gelatine dynamifceB. It seems to be a matter of a short time only 
before nitroglycol will supplant entirely the dinitrochlorohydrine, even in 
Germany, for all kinds of uses in explosives, on account of its lower price. 
— Recent note by the author. 
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DINTXROCIILOROHTDRINE AND NITROGLYCOL EXPLOSIVES 

Among the non-freezing explosives similar to dynamite, used oc- 
casionally and still made, are gelatinous mixtures formed of pure 
nitroglycol and dinitrochlorohydrine, the latter containing quantities 
of nitroglycerine. With these nitric esters explosives can be made 
which differ considerably from dynamite in having a very low sensi- 
tiveness to mechanical influences and safety on heating and burning, 
and because of this a greater degree of safety during transportation, 
so that they belong to another group. For this reason such explosives 
are permitted on German Railroads as unrestricted freight. 25 

DinUrochlorohydrine explosives 

The dinitrochlorohydrine used for these explosives is usually made 
from commercial monochlorohydrine obtained by direct chlorination 
of glycerine, containing unchanged glycerine, and therefore being a 
mixture consisting mainly of dinitrochlorohydrine with a little 
nitroglycerine, usually 15 to 20 per cent of the latter. At this degree 
of dilution the characteristic properties of nitroglycerine, such as 
high sensitiveness to shock, arc masked and do no harm to the safety 
in handling of the explosives in question. The railway regulations 
permit a total of 5 per cent nitroglycerine in such explosives. The 
most important representatives are: 

Gelatine- Asiralit. The plastic nature of this mixture is increased 
by a certain content of aromatic nitrocompounds such as rlinitro- 
toluene and trinitrotoluene. Ammonium nitrate is preferred as the 
oxidizing salt, together with sufficient alkali nitrate to combine with 
the hydrochloric acid set free from the dinitrochlorohydrine on 
explosion. 

According to the definition of the railway regulations, Gelatine- 
Astralit, for example, should have the following composition: 

maximum 

Dinitrochlorohydrine 60 

Nitr o gly ee ri ne 5 

Collodion cotton , 2 



aromatic nitrocompounds containing a maximum of 4 per cent 
trinitrotoluene, vegetable meal, ammonium nitrate, potassium or 
sodium nitrate or a mixture of both, also hydrocarbons. 

54 See Appendix C of the Railway Regulations, I, IaA, Explosives, Group c, 
Ammonium Nitrate Explosives. 
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Gelatine-Astralit 



Dinitrochlorohydrine 20 

Nitroglycerine 5 

Collodion cotton _ . 1 

di- or trinitrotoluene, or other organic nitrocompound which is not 
more dangerous than trinitrotoluene, of such trinitrocompounds a 
maximum of 15 per cent ammonium nitrate, sodium nitrate and 
vegetable meal. 

According to the first list of mining explosives in the new Prussian 
police regulations, which came into effect January 23, 1923, embracing 

TABLE 45 

Comparison of 85 per cent dynamite with Gelatine-Astralit 



Gaseous products of explosion per kilogram 
at 0°C, and 760 mm 

Heat of explosion 

Temperature of explosion 

Specific pressure calculated therefrom 

Density 

Maximum velocity of detonation 

Brisance value (product of specific pres- 
sure,* density and velocity of determina- 
tion 

Lead block expansion 



GEtxATlKE- 
DYKAMITR 



G05.7 liters 
1234.0 Cal. 
2950. 0°C. 
7162. Oatm. 

1 55 
7500 .0 m/s 



GELAtlKE- 
ABTRAL1T 



832,575 
400.0 cc. 



771.0 liters 
1127.5 Cal. 
2534. (TCI 
7927.0 atm. 

1.45 
7300.0 m/s 



839,013 
400 0 ec 



* Specific pressure: P ~ V<* (273 + t) j 273, where V 0 * = volume of the 
gaseous products of explosion produced at O^C. and 760 mm., from 1 kg. of 
the explosive, and t = temperature of explosion. 

all explosives permitted for use in Prussian mining, in place of the 
above explosives in the operations in question the so-called ammonia 
gelatine will be used, which should have the following composition: 

jter cent 

Dinitrochlorohydrine, of which up to 5 per cent of the total ex- 
plosive may be replaced by nitroglycerine 28-33 

Collodion cotton I- 3 

Ammonium nitrate 45-50 

Alkali nitrate. . . . 10-15 

Nitrocompounds of toluene and/ or naphthaline and/or diphe- 

nylamine 6-12 

Vegetable meal * 0- 2 
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According to this definition gelatinous explosives can be made 
which closely approach the ordinary 65 per cent gelatine dynamite 
in strength, but have the great advantage over the latter of being 
absolutely non-f reeling and being considerably safer in handling. 

For example, the Gelatine-Astralit furnished by the Dynamit- 
Aktien-Gesellschaft vorm. Alfred Nobel and Company, much used 
in shaft sinking by the freezing process and also used in other rock 
work where non-freezing dynamite is desired in the colder parts of 
the year, such as in building water power plants, has about the 
following strength figures and composition: 

Gelatinized dinitrochlorohydrine including 

nitroglycerine , 30 per cent 

Mixture of tri- and dinitrotoluene 10 percent 

Ammonium nitrate, sodium nitrate and wood 

meal m 60 per cent 

Lead block expansion , , . about 400 A) ce. 

Lead block crushing about 18.0 mm. 

Sensitiveness No. 3 Cap 

Propagation in 25 mm. cartridges 20.0 mm. 

Velocity of detonation about 7300.0 m/s 

Heat of explosion 1127.5 Cal. 

Temperature of explosion 2534°C. 

Density 1.45 

The explosive is compounded on an oxygen balance, and so develops 
no injurious products of explosion. 

On comparison with 65 per cent gelatine dynamite we have the 
interesting picture shown in table 45. From this it is evident that 
both explosives have about the same calculated brisance, which is 
confirmed experimentally by the lead block expansion. 



Nitroglycol explosives^ 

During the confiscation of glycerine for military purposes during 
the World War, nitroglycol was, as stated previously, used for a time 
to a certain extent in place of nitroglycerine, and in addition to the 
explosives mentioned on page 334 some have been made of mixtures 
of nitroglycerine and nitroglycol, particularly the 40 per cent dyna- 
Daite and the so-called 18 per cent dynamite containing pure nitro- 
glycol. On account of the extraordinary similarity of both explosive 

** See Nitroglycol and Methylglycol Dinitrate in this chapter. 
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oils these do not differ in the least as regards explosive effects from 
the corresponding nitroglycerine explosives. The somewhat lower 
density of the nitroglycol as compared to nitroglycerine, or 1.5 vs. 
1.6, is of no practical importance. The disadvantage of the higher 
volatility of the nitroglycol, the vapors of which produce headaches in 
sensitive persons, if they are inhaled carelessly in a closed room, has 
already been mentioned. On the other hand, the volatility is not 
so great as to lead to appreciable evaporation losses in packed (car- 
tridged), gelatinous explosives and at normal storage temperatures. 

Nitroglycol exudes from gelatines more easily than nitroglycerine. 
Therefore the collodion cotton content of the gelatine must be some- 
what higher than when using nitroglycerine. On the other hand, the 
striking ease of detonation of nitroglycol allows the manufacture of 
a more solid gelatine. Whether or not the higher volatility and more 
ready exudation of nitroglycol from gelatines will allow transporta- 
tion of these explosives to hot countries, as well as storage and use 
there, has not yet been determined. 

The frequently mentioned Prussian police regulation of January 
25, 1923, on the sale of explosives for mining purposes, allows accord- 
ing to section 11, which relates to brisant explosives for rock work, 
the complete or partial substitution of their nitroglycerine by other 
nitrated derivatives of glycerine or by nitroglycol. Only blasting 
gelatine is an exception to this. The reason for this is that a pure 
blasting gelatine consisting for example of nitroglycol and collodion 
cotton, has an oxygen deficiency and consequently develops carbon 
monoxide on explosion, which would be contrary to section 8 of the 
same Regulation according to which all explosives used in under- 
ground mining must be compounded on a theoretical oxygen balance 
or an oxygen exeess. While nitroglycol itself has an exact oxygen 
balance and so decomposes into carbon dioxide, water vapor and 
nitrogen, the slight oxygen excess of nitroglycerine is sufficient, as is 
well known, to give a blasting gelatine having an oxygen balance 
when in the presence of the quantity of collodion cotton required for 
gelatinization. In gelatine dynamites containing nitroglycol the 
desired relations can naturally be obtained without difficulty by the 
oxidizing salts of the dope. 

In addition to the property of not freezing at winter temperatures 
the nitroglycol explosives have the advantage of a lower sensitive- 
ness to mechanical effects and less tendency toward detonation on 
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ignition. A certain type is therefore permitted on the German 
railways in unlimited freight traffic under the name of "Gelatine- 
Astralit." 

This Gclatine-Astralit should contain the following components: 

mar imam 

Gelatinized dlnitroglycol 30 

Aromatic din itrocom pounds g 

Aromatic trinitrocompounds 4 

Ammonium nitrate and vegetable meal 

The explosive has the following characteristics: 

Lead block expansion 415.0 cc. 

Lead block crushing 19.0 mm 

Sensitiveness No. 1 Cap. 

Propagation in 25 mm. cartridges 50.0 mm. 

Velocity of detonation about 6500.0 m/s 

Density 1.45 

Heat of explosion 1158.0 Cal. 

Temperature of explosion 2485 0 C, 

Gaseous products of explosion, at 0°, 760 mm. 

from 1 kg. explosive 864.4 liters 

Specific pressure 8733.0 atm. 

Therefore this explosive also attains almost the same strength as 65 
per cent gelatine dynamite but is non-freezing, and as already men- 
tioned, enjoys more favorable conditions on the railroads. 

Gelatinous explosives very similar to the 40 per cent dynamite but 
with a higher content of nitroglycol and appreciably safer to handle, 
can be produced. 

There has been no extensive introduction of the nitroglycol explo- 
sives, which are also permitted in France, since the World War, ap- 
parently on account of the high cost of manufacture of glycol. 27 



17 Ethylene glycol is now made in large quantities in the United States, as 
well as in Ge rmany , and nitroglycol is used in explosives to a large extent. See 
previous note. 
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Nitroglycerine Explosives Permissible en Gaseous and 

Dusty Mines 

Up until about forty years ago black powder and dynamite were 
the only explosives available to the miner for blasting coal and 
accompanying rock. Fire damp mixtures and coal dust clouds were 
readily ignited by both of these explosives. Only a fraction of a 
gram of the former (black powder) was required to Ignite fire damp, 
or a few grams of dynamite, if exploded untamped in a borehole or in 
the open. Moreover coal dust clouds not containing admixed fire 
damp were ignited by small charges of black powder or dynamite 
(less than 100 grams), provided that the shot was from an untamped 
borehole. 

Although this danger is less in actual practice, where shots are 
always made with tamped boreholes and ignition so requires larger 
charges, nevertheless blasting in coal mines has led to countless 
accidents, which can be traced largely to the ignition of fire damp 
or coal dust clouds directly by the action of the shot. In this con- 
nection the never-to-be wholly avoided blown-out shots were particu- 
larly dangerous. Such shots were encountered when the strength 
of the explosive was insufficient to loosen the burden, and the gases 
of explosion consequently blew out of the borehole at a high tempera- 
ture, without being cooled down by any work performed. 

These dangers and attendant accidents increased in proportion to 
the growth of the coal mining industry and as the mines became 
deeper and the amount of fire damp greater. 

The ensuing demand from users of explosives to furnish explosives 
having a greater safety in fire damp, led in the course of the eighties 
of the previous century to the development of the so-called permis- 
sible explosives (permitted explosives, in England), which were estab- 
lished on both theoretical and practical bases. 1 

1 The expression is defined as Explosives Permissible in Gaseous and DuBty 
Mines (Permissible Explosives), since the designation "Safety Explosives 
(Sicherheitssprengstoffe) can be confused witb the terra "Safety Explosives 
(to handle)" occasionally used. In France the expression is "Explosifs dc 
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Attempts to produce eoal and ore by purely mechanical means 
could not compete with blasting, on account of the increasing coal 
requirements of civilized countries. Also attempts which were 
made both before and during the development of permissible explo- 
sive to replace explosives known to be dangerous by processes depend- 
ing upon chemical action, or to avoid the danger during firing by 
special precautions, led to no satisfactory results. 

The chemical processes, which have only an historical interest and 
which were all complicated in manipulation, and inconvenient as 
well as uncertain and unsatisfactory in effects, are described by 
LTcise with proper criticism. 2 The means which he described at the 
same place, of rendering blasting safer without regard to the nature 
to the explosive used, which in addition to the formation of a water 
curtain depended mainly upon the nature of the tamping, such as 
cartridges of water, tamping composed of salts containing water of 
crystallization or which would be volatilized, gave good results in 
part, with careful use, on account of the cooling of the gases of 
explosion. However, they were to a great extent dependent upon 
the care used and the reliability of the miner, and could not compete 
with the development of permissible explosives, which by their 
very nature offered a greater degree of safety and therefore became 
indispensiblc. 

The theory of permissible explosives, as it has developed through 
knowledge and experience during the last forty years, was outlined in 
1904 by Hcise 3 and more recently in a masterly way by Kast, 4 so that 
it will suffice here to point out the factors especially important for the 
safety of explosives in fire damp and coal dust. 6 

The limits of explosion of mine-gas-air mixtures lie at about 5 to 
14 per cent methane content of the air. The explosion is the most 
violent and propagates most easily at a methane content of 9.5 per 



sQrete," in Belgium "Explosifs antigrisouteux" or "Explosifs S. G. P. (se- 
curite-grisou-poussiere), in England "Permitted Explosives,' 1 in contrast 
to officially allowed "authorized explosives," and in the United States "Per- 
missible Explosives." 

* Heise, Sprengstojfe und Zundung dcr Sprcngschusse, Berlin, p. 60, Julius 
Springer (1904). 

3 SprerigsU>ffe und Zundimg dcr Spretigschusse, p. 68. 

*Sprcng- und Zundslojfc, [1921), p. SI. 

6 See also Escales, Nitroglycerin und Dynamit, p. 255). 
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cent, since then the oxygen present just suffices for combustion of the 
methane, thus giving the highest temperature of explosion. Since 
the temperature of ignition of the mixture is about 650 to 750°C, 
and the temperature of explosion of explosives considerably above 
1000°C, ignition of the gas mixture by the explosion flame of the 
explosive could not be avoided unless, as Mallard and Le Chatelier 
have determined, there were a certain degree of delay in ignition, or 
a certain period of action of the high temperature required to cause 
ignition. 

At 650°C. this period amounts to ten seconds, at 1000°C. to about 
one second, and at 2200°C. no delay is noticeable. The flame of 
explosion of brisant explosives is, however, of short duration and its 
high temperature endures only a small fraction of a second, since 
cooling begins immediately from the expansion and work done. This 
is the reason why black powder, with its slow decomposition and 
relatively long flame period always ignites mine gas-air mixtures. 

Mallard and Le Chatelier looked upon the above temperature of 
2200°C. as the limiting temperature in the sense that any explosive 
whose temperature of explosion was above this limit must ignite 
fire damp mixtures under all conditions. 

The French Investigating Committee, created to study this ques- 
tion, considered the flame temperature of the shot as the essential 
cause of ignition of fire damp, and it was therefore decided in France 
that the essential characteristic of a permissible should be that its 
calculated temperature of explosion should in no case lie above 2200°C- 
Later this maximum temperature was fixed at 1500°C. for explo- 
sives permitted in coal seams and 1900°C. for accompanying rock. 

Although these limiting temperatures based upon practical tests 
were on the whole correct, nevertheless such a conception of the 
permissible explosives was very one-sided. The unquestionably 
essential importance of the flame temperature is not limited to the 
real explosion temperature represented by the theoretical maximum 
case. Moreover, the quantity of explosive used is of considerable 
Importance, since the flame increases with the quantity of the explo- 
sive and the actual temperature reached thus becomes higher, because 
the relative loss of heat to external objects decreases. The degree of 
safety in fire damp, determined practically in the so-called test gal- 
lery, shows that no explosive is absolutely safe, and that all of them 
can ignite fire damp if suitably large charges are exploded. This 
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determined the conception of the limit charge which is necessary to 
ignite the gas mixture with a given explosive. 
The flame temperature can be kept low by: 

1. The use of explosives having a low flame temperature, e.g., 
ammonium nitrate explosives. 

2. By addition of such materials to the explosive which on explo- 
sion consume heat, either by evaporation or decomposition, and so 
reduce the flame temperature. 

3. By limitation of the charge. 

4. By converting the heat of explosion as completely as possible 
into work in the borehole by using proper tamping and arrangements 
of the shot, so that the explosion gases escape into the atmosphere 
in as cool a condition as possible. 

The original French Investigating Committee took into considera- 
tion only the first two points. The importance of the third could 
only be recognized in practical studies of the question in the above- 
mentioned test galleries, and the fourth refers only to the use and not 
to the character of the explosive. 

Furthermore, the length and duration of the flame of the exploding 
explosive has considerable influence on the flammability of the mine 
gas-air mixture. If the flame of an exploding cartridge is photo- 
graphed in the dark it is found that the explosive which gives the 
largest flame photograph is less safe in fire damp, and that vice 
versa, permissible explosives give no flame photograph. 

If the duration of flame stands in direct relation to the flame tem- 
perature in that at higher temperatures in general longer times arc 
required to cool down the glowing gas particles and any solid products 
of explosion, on the other hand the composition of the products of 
explosion and the velocity of decomposition of the explosive are also 

of influence upon the duration of the flame. 

Secondary reactions of the products of explosion between one 
another or with the air can prevent a sudden drop in temperature 
after explosion and so prolong the flame. This is the case when the 
explosive is compounded on an incomplete combustion equation and 
so evolves combustible gases such as carbon monoxide, hydrogen 
and methane, in addition to the usual carbon dioxide, water vapor 
and nitrogen. Moreover, the relatively slow release of oxygen from 
the alkali nitrates or alkaline earth nitrates, as compared to the 
explosive decomposition of ammonium nitrate, is capable of prolong- 
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ing the duration of the flame, which explains the unfavorable action 
of large additions of these nitrates upon the degree of safety of these 
explosives in coal dust. Such action can be limited by a favorable 
choice of other factors, such as low explosion pressure, as for example 
with Carbonites and Kohlencarbonitcs, which contain 25 to 35 per 
cent of potassium or sodium nitrate, and which were for a long time 
regarded as very safe and used to a great extent. 

Taken by itself, as rapid and complete a decomposition of the 
explosive as possible in the sense of short, flame duration, has a 
favorable effect upon the degree of safety in fire damp. However, 
a limit must be set on this in that raising the velocity of detonation 
raises the pressure simultaneously, and the flammability of the gas 
mixture increases with its compression. On the other hand, other 
factors in addition to the temperature of explosion raise the explosion 
pressure, such as density, velocity of detonation and quantity of gas, 
so that the total effective action of an explosive must not be exceeded 
if a high degree of safety in fire damp is to be attained. 

This complication and only partial compensation of the various 
factors governing the matter of safety show the difficulty in the way 
of a theoretical consideration and calculation of the character and 
degree of safety of the various representatives of this class of explo- 
sives, as well as of various categories or types of the same. 

Very soon all countries having coal mines turned to testing stations, 
maintained partly by private, partly by government funds, in which 
the explosive mixtures proposed as being safe in fire damp and coal 
dust were given practical tests. These artificial galleries had a 
portion partitioned off by a paper wall into a so-called explosion 
chamber, in which artificial mixtures of mine gas and air, or coal 
dust clouds, or both could be produced. The explosive to be tested 
was then fired from the bore of a steel mortar into test mixtures, 
and by graduating the quantity of the explosive there could be 
determined that charge which was just sufficient to ignite the flam- 
mable mixture, which could be observed through a heavy glass 
window. The next lower charge was designated as the "charge 
limit" at which the explosive was still safe. In this the most un- 
favorable conditions were intentionally chosen, more unfavorable 
than would subsequently be encountered as a general rule in practical 
use of the explosive in the mine, by allowing the explosive to act on 
the flammable mixture without tamping and without cooling the gases 
by performing work. 



NITROGLYCERINE EXPLOSIVES PERMISSIBLE IN MINES 387 



This introduced a certain factor of safety which would be expected 
to still make it safe with irregularities in blasting, such as shots blow- 
ing out without performing work, or on escape of uncooled gases 
through fissured rock. On the other hand, it is often customary, 
because of this severe test, to allow a certain increase in actual use 
over the limit charge determined in the test gallery. 

Naturally the method of conducting such experimental work 
has considerable influence upon the results obtained, which however 
must always be regarded as relative. Differences in the method of 
testing have caused the various countries, although following the 
same principle in compounding the explosives in question and building 
up similar categories, to allow quite different strengths and kinds of 
permissible explosives. In Germany particularly there has been 
an effort to always make the method of testing free from set forms 
and thereby deepen them scientifically, by continually adjusting it 
to the peculiarities of the explosive, wherein naturally ali factors 
which under unfavorable combinations could favor ignition and so 
increase the danger were taken into consideration. 

Thus the greatest possible safety in mining is sought, and today 
this means that in spite of an enormous consumption of permissible 
explosives, amounting to several million kilos per year in the Ruhr 
field alone, fire damp and coal dust explosions traceable to proper 
use of proper permissible explosives no longer occur, while on the 
other hand the work done by these explosives has proven to be 
sufficient. 

This has been attained without it being possible to give a sharp 
limitation on the term "Safety Explosives." The properties of the 
explosives, such as temperature of explosion, duration of flame, 
velocity of detonation and gas pressure are known to affect the 
safety. These must be combined with the fact that explosives to 
be designated as permissibles must possess a considerably increased 
degree of safety in fire damp and coal dust as compared to black 
powder and dynamite. The limit itself, and the test conditions 
under which an explosive should be tested and still considered a 
permissible, have remained in doubt, and as a matter of fact have 
been stated very differently at various times and in various countries. 

A certain limit in this connection is drawn by the Prussian Minis- 
terial Order of October 21,1910, which states that the borehole charge 

in the mine may exceed by 50 per cent the safe limit found in the test 
gallery, if: 



388 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



1. The explosive in question has been shown to be safe against 
fire damp and coal dust in the test gallery at a 250-gram charge. 

2. No delay action firing is used. 

3. The length of tamping is equal to half the depth of the hole. 

4. The borehole does not have a larger diameter than 40 mm. 
These regulations mean practically that the consumer will not use 
an explosive having a lower safety limit than 250-grams. 

In German practice, however, a considerably higher safety require- 
ment has grown up according to which explosives which have not 
stood the test with at least 500 grams, are difficult to introduce as 
permissible s. 

The above-mentioned order has been replaced by the first fist of 
mining explosives in the new police regulations published January 
25, 1923, which determined for each permissible explosive the maxi- 
mum charge allowed in mining, wherein it is a matter of charges of 
(500 to 800 grams, whereas the explosives in question gave a safe 
limit of 400 to 600 grams in the test gallery. 

As regards the relation of results of the test gallery to actual prac- 
tice, Heisc 8 recognizes that blasting in the mine is in itself less dan- 
gerous than the corresponding test in the test gallery, which latter is 
fired without tamping, performs very little work, and consequently 
allows the gases of explosion to act upon the flammable mixture at 
almost their initial temperature. However, blasting is not always 
done properly, so that it is impossible to estimate the relation and 
make the conditions in the test gallery comparable. 

"The shot in the mine can be overloaded and prepared in such a way that it 
must act like a blown-out shot. If then the tamping is insufficient, or if it 
consists of dry coal dust, or if the charge of explosive fills the borehole too close 
to the mouth, it is easily possible that such a shot may be as great a source of 
danger as a blown-out shot in the test gallery. There should also be consid- 
ered any possible, extraordinarily unfavorable local conditions, such as 
fissures in the rock, as a result of which the gases of explosion escape without 
performing any considerable work and the exploding material goes to waste, 
so to speak. The conditions are similar when the first of several shots partly 
or wholly moves the burden of the second. 

Also it should not be assumed that the safe limit of an explosive determined 
in one gallery under certain conditions has a direct significance for all cases 
of practical mining operations. Only this can be said, that the permissible 



Heise-IIerbst, Bergbaukun.de, I, p. 217. 
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explosive which in the test gallery was found to be particularly safe in fire 
damp in comparison to other explosives, is also safe to a high degree in practice. 

In order to limit the danger in blasting in fire damp it is in any case right 
and proper to prescribe a maximum weight of the permissible charge and a 
minimum length of tamping." 

At present the testing station of the Mining Association at Derne 
b. Dortmund is the standard and decisive bureau for Prussian min- 
ing, and it has been described at length by its manager, Bergassessor 
Beyling in Gliickauf. 7 The explosive industry has tried to adapt 
its own testing stations to this establishment and to also adopt their 

methods of testing. 

Regarding these methods Beyling reports at length in Gliickauf. 8 
An essential point is the cross sectional area of the gallery. The 
latter is eliptical, 183 cm. high and 132 cm. wide. The pressure 
developed in the explosion chamber by a given charge of explosive is 
naturally dependent upon the area of the cross section, for which 
reason the smaller, model galleries used by some explosives plants 
for test purposes use correspondingly smaller quantities of explosive, 
fired from a smaller mortar. The safe limits so obtained are of 
value only as a comparison, and it is necessary to compare simul- 
taneously the safe limits of known permissible explosives for their 
evaluation for practical use. 

The same thing applies when flammable mixtures of air and other 
gases or vapors, such as illuminating gas, benzine vapor, or petro- 
leum ether vapor, are used for the test on account of lack of mine 
gas. IUuminating gas, on account of its content of readily ignited 
hydrogen, shows appreciably lower safe limits. Thus the vapor-air 
mixtures produced by atomization of benzine or better petroleum 
ether are always regarded merely as a help in case of need, since their 
composition at the instant of explosion is very difficult to determine 
and to a great extent dependent upon the operation of the spray 
heads, the temperature of the chamber and the iron walls of the 
gallery. 

In this case also, the values obtained must always be compared 
with those given by known pcrmissibles. 

Methane produced artificially from aluminium carbide, always 
containing hydrogen, also gives results which are of only comparative 



* The Testing Station at Derne, Beyling and Zix, Gliickauf, 49, p. 433 (1913) 
8 Gltichiuf (1903), p. 435; (1907), p. 1142; (1908), p. 1717. 
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value for the same reason, unless the hydrogen has been previously 
completely removed by partial combustion. 

If natural mine gas is available its methane content has a eertain 
importance as regards the sensitiveness to ignition in that with mine 
gases of lower percentages the remainder of the gas frequently con- 
sists of air low in oxygen and thus consisting largely of inert gases, 
such as nitrogen and some earbon dioxide, so that a mixture prepared 
with 9 per cent CII4 is then lower in oxygen than a similar mixture 
prepared by using a very high percentage mine gas. 

Finally the specific case of the most dangerous mixture depends 
also upon the products of explosion, and thus upon the composition 
of the explosive. If the explosive on detonation gives an excess of 
free oxygen the limit of greatest sensitiveness to ignition of the gas 
mixture lies at a higher methane content than in the case of explo- 
sives burning incompletely and giving off carbon monoxide, which at 
least partly mixes with the explosive gas mixture, and so in an inverse 
sense displaces the relative oxygen content necessary for propagation 
of the gas explosion. Thus with combustible gases after explosion 
a too high methane content of the test mixture can show a greater 
degree of safety than is actually the case under unfavorable con- 
ditions, while with gases of explosion rich in oxygen a correspondingly 
high methane content merely represents the most unfavorable or 
most dangerous case. 

In a severe test the most dangerous methane-air mixture for each 
explosive is sought, in order to construct the most dangerous con- 
dition conceivable in actual practice. 

Insufficient consideration of these relations in the past led the 
German testing station usually to conduct the test of the explosive 
by shooting in a mine gas-air mixture containing about 8 to 9 per cent 
methane in which there was at the same time a cloud of coal dust, and 
thus in a primitive way try to imitate the conditions in the mine of 
simultaneous presence of fire damp and coal dust. Since most of the 
permissible explosives tested in Germany at that time were com- 
pounded on an incomplete combustion equation and gave off com- 
bustible gases of explosion, the flame of explosion and explosion 
pressure acted upon a mixture relatively poor in oxygen, which did 
not by any means represent the most dangerous case. 

Beyling, manager of the Mining Association Testing Station then 
at Gelsenkirchen, now at Derne b. Dortmund, discovered these 
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relations in a very important, fundamental test in 1907-1908,* and 
showed that most of the permissible, explosives used at that time had 
a very small factor of safety in fire damp under the test conditions 
generally used, when they were fired into mine gas-air mixtures 
alone, without coal dust, while on the other hand they were com- 
paratively safe when fired into coal dust. These two separate tests 
were therefore adopted generally in Germany, and were introduced 
in Kngland some time later, where at first tamping was used in 
testing but later the more severe German method adopted. 

This increased severity of the test at first caused considerable 
disturbance in the consuming and manufacturing fields, but it was 
soon discovered how to make explosives which would afford a high 
safe limit under the altered conditions, although this higher degree of 
safety brought with it quite generally a not inappreciable reduction 

in strength of the explosives. 

The separate tests apparently corresponded better to conditions 
possible to encounter in practical mining operations, since accumula- 
tions of gas could very well occur, or gas pockets could be shot where 
no coal dust was present, as in work in accompanying rock, or where 
coal dust is wet on account of sprinkling and cannot be stirred up. 

On the other hand the danger of coal dust can be present, or coa! 
dust clouds can be stirred up by shooting, where no fire damp is pres- 
ent. This is the case in most of the coal fields of Upper Silesia, 
where fire damp is seldom encountered, and where only those explo- 
sive are desired which are safe in coal dust. 

Although it is desired in testing to take into consideration the most 
dangerous possibilities of actual practice, it is impossible on the other 
hand to realize in every respect the conditions of practice when using 
the test gallery. While at the very first attempts were made to 
fire the explosive from a borehole in a clay or coal block, on account 
of the inconvenience and cost of constant work this was impossible, 
and moreover it would not have corresponded completely to actual 
conditions. For this reason the steel mortar was retained. The 
German test conditions have been drawn up to specify that the bore- 
hole of this mortar shall have a depth of 50 to 60 cm., and a diameter 
of 55 mm., the explosive cartridges being of the uniform diameter 35 
nun. The cartridges are placed one behind the other in the borehole 



9 Testa with Safety Explosives, Glxickauf, 1908, p. 1717-h 
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so that the innermost one rests against the bottom of the borehole 
the upper cartridge being primed at the inner end by a blasting cap' 
which is fired electrically. 

Thus the explosive does not fill the borehole, and is fired at a lower 
density of loading than in actual practice. For this reason the 
explosion pressure is less than in actual practice, which would corre- 
spond to a reduced severity of the test conditions as compared to 
actual practice. This defect, which is caused by the fact that no 
excessive demands can be made on the mortar without injuring it are 
well counterbalanced by firing in turn without tamping, and allowing 
the gases of explosion to act directly upon the flammable mixture 
without doing work. 

The objection that at lower densities of loading the decomposition of 
the explosive, and consequently the number of calories developed and 
the products of explosion, are different from those at high densities 
of loading, which in the case of explosives have a considerable oxygen 
deficiency cannot be left out of the consideration, has lost its signifi- 
cance, since it has been learned from other reasons and has become 
the custom to compound permissible explosives for complete com- 
bustion and even with an oxygen excess. In this case there is only 
one kind of decomposition possible, assuming a sufficient sensitive- 
ness, and the calories and gases of explosion are independent of the 
densities of loading. 

Moreover, the velocity of detonation, an important factor of 
bnsance and consequently safety in mines, which is likewise affected 
by density of loading and kind of confinement, is less subject to this 
effect the higher the sensitiveness of the explosive to detonation. In 
this connection also it has been the effort, with some success, to use 
only explosives which react easily and surely to an initial impulse, 
and whose decomposition and velocity of detonation are not too much 
affected by the density of loading and degree of confinement. With 
these provisions the de nation of density of loading in the test versus 
that m practical use cai be regarded as no particular defeet of the 
method of testing, as many of the defenders of the French method 
chum. The latter, even today, place the main stress on the calculated 

with skepticism the results of 
the testing station, on account of occasional abnormal phenomena 
not always explained. 

Whether or not similar points of view can be brought up with regard 
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to the method long used in Austria at the testing station of the 
Segengottes Mine and at Mahrisch-Ostrau, which detonates charges 
of explosive hanging in the flammable mixture without any confine- 
ment, appears somewhat doubtful. In this case the conditions 
differ greatly from actual practice, and although on the one hand the 
test is to be regarded as very severe, since the explosive acts directly 
on the flammable mixture without any loss of heat to any borehole 
wall, on the other hand only a few types of explosives detonate 
without any confinement whatever at the same velocity as in a 
borehole. 

Of the factors which affect the results of the testing station the 
temperature of the gas mixture in the explosion chamber should not 
be left out of consideration. It is self evident that high tempera- 
tures favor ignition. It is therefore necessary to regulate the tem- 
perature in the interior of the gallery by heating with warm water or 
steam and to maintain it at about 28 to 30°C, corresponding to the 
temperature in deep mines. 

In case of ignition of the gas mixture the temperature rises con- 
siderably from radiation of the heated gallery walls, and it is then 
ventilated for a long time by fans, in order to avoid any alteration in 

conditions of the test. 

It is also evident that the kind and strength of the initiator used 
is not without significance, since the velocity of detonation and 
brisance are thereby affected. For this reason the strongest common 
cap, a No. 8, is chosen, in order to make the test conditions uniform. 
The lead azide caps in aluminium shells, recently come into wide use, 
give a somewhat greater initial impulse than the ordinary copper 
caps, which may well be due to the high temperature of combustion 
of the thin aluminium shell. This raises the gas pressure. In the 
determination of the lead block expansion of explosives by the 
Trausl method this effect is felt considerably, and always gives an 
increase of about 15 per cent in the expansion, which is conceivable 
from the relation of the No. 8 blasting eap to the small, 10 gram 
cartridge. In tests with larger quantities of explosives, as in the 
crusher test with 100 grams, and determination of propagating powers, 
the influence of the aluminium cap is less, and it is only slightly felt 
in the permissible tests. With sensitive explosives having charge 
limits below 500 grams a displacement of the safe limit as a 50 gram 
reduction has been occasionally noticed with the aluminium cap as 
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compared to the copper cap. The testing station at Derne always 
uses aluminium caps. 

Attempts have often been made to trace certain irregularities in 
the tests to atmospheric conditions and weather, even going to the 
trouble of making continual observations of air temperature, hu- 
midity and barometer to obtain data on such influences. Up to the 
present time no rule has been found, nor any scientific foundation for 
such phenomena. 

MINE GAS SUPPLY AND ANALYSIS 

Most testing stations have located in the vicinity of gaseous mines 
in order to have natural mine gas available, and lead the methane, 
which streams out of the so-called "blowers" in large quantities 
often for years through pipes to their gasometer, from which it pusses 
via a gas meter into the explosion chamber of the gallery. In order 
to adapt their test conditions to those of the governing gallery 
explosives manufacturers have learned to do likewise. For example, 
the Nobel Company has had a compressor outfit for years at a coal 
mine, with which it compresses the mine gas from a "blower," 
supplied by contract, into <10-litcr steel flasks at 150 atmospheres, 
and carries the methane in this compressed condition to their plant, 
which has a testing station corresponding to the one at Derne. The 
six cubic meters of gas obtained from such a flask supply about six 
test shots. The high cost of this experimental work due to such 
equipment and shipment of the steel flasks back and forth shows the 
care devoted by the explosives manufacturers to permissible explo- 
sives and the great importance of these studies to the explosives 
industry and mining in general. 

In recent timeB a new, plent iful source of a constant supply of pure methane 
for the Derne gallery and for those of explosives manufacturers has been 
made available for use by the so-called Emscher Springs of the Emscher Com- 
pany at Essen. These Emseher Springs form a part of the drainage clarifi- 
cation plant of the city of Essen. The sludge deposited in them evolves a 
mixture of pure methane and carbon dioxide, absolutely free from hydrogen 
and other disturbing gases. The gases are drawn off through collecting heads 
ami passed at high pressure into steel flasks filled with water. The carbon 
dioxide is almost completely absorlwd by the water, the methane only very 
slightly. The methane gas, freed from the carbon dioxide as descril^ed above, 
is compressed into steel flasks and taken to the testing station. On releasing 
the pressure from the flasks of water the carbon dioxide is given off, and they 
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then serve to free fresh quantities of gas from carbon dioxide without the 
use of chemicals. 

Before each shot a sample of gas is removed from the explosion 
chamber, in which there has been a thorough mixing of the added 
gases for one or two minutes by means of a fan. The methane con- 
tent is determined and any necessary addition of gas made on the 
basis of the analysis. The CH 4 determination is made either chemi- 
cally by means of the Hempel explosion pipette 111 or physically by a 
Zeiss refractometer or interferometer. 11 Both of the latter methods 
are relative, and for each new gas supply require a standardization 
of the apparatus based upon chemical analysis, since a content of 
foreign gases such as nitrogen or carbon dioxide can affect the refrac- 
tion or interference figures. 

Coal dust test 

The fineness and gas content of a coal dust are very important 
factors in the flammability. Coal dust from a fat coal, very finely 
ground in a ball mill with iron balls, is used to test explosives in the 
testing station. The coal dust-air mixture is rendered more flam- 
mable by the presence of small quantities of mine gas, so small as not 
to be flammable in themselves, whereas highly flammable mine gas-air 
mixtures are rendered less flammable by admixture with coal dust 
because of the ensuing oxygen deficiency, which as already mentioned 
has led to a separate testing of explosives in mine gas and in coal 
dust. 

Usually a few liters of coal dust arc scattered on the bottom of the 
explosion chamber, and perhaps two liters more gradually introduced 
from above by the violent agitation of the fan. The whole is well 
stirred up. After a shot which fires the gallery a coking of the un- 
bumed particles of coal dust occurs, so the gallery is cleaned out and 
fresh coal dust scattered about so as to always maintain the same test 
conditions. 

Among the factors which govern the safety of an explosive in fire 
damp and coal dust, brisance or explosion pressure plays a less impor- 
tant part in the question of coal dust than in fire damp. On the 

"Hempel, Gasanalylische Melhwitm, IV, p. 107 (1913). 
" GlUckauf (1913), p. 47. 
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other hand, the temperature of explosion and duration of flame are 
essential for the safety in coal dust. 

Thus it happens that for example a dynamite, with its high explo- 
sion temperature, is just as dangerous in coal dust as in fire damp. 
On the other hand typical ammonium nitrate explosives, with their 
lower temperatures of explosion and shorter flames, are usually 
comparatively safe in coal dust, even at degrees of brisance which 
render them dangerous in mine gas. Alkali nitrates are substances 
which act unfavorably on the matter of safety in coal dust, since 
under certain conditions they give up their oxygen slowly and so 
prolong the flame. 

In general, unless there are conditions present which are particu- 
larly favorable to coal dust ignition, the safe limits for coal dust-air 
mixtures are higher than for mine gas-air mixtures. 

Under certain conditions this relation can be reversed, as Beyling 
has shown. 12 Explosives like carbonites, which are compounded on 
incomplete combustion equations and consequently develop con- 
siderable carbon monoxide and hydrogen on explosion, which are 
combustible gases, when fired from narrow boreholes or at high 
densities of loading, have ignited coal dust even at low charges, 
although they have a high degree of safety in fire damp. 

Probably the combustible products of explosion as they escape from 
the borehole at a high pressure and temperature become ignited as 
they meet the air, and this secondary flame ignites the coal dust, 
whereas on the other hand on escaping into an air-methane mixture 
containing 8 to 9 per cent of the latter a relatively difficultly flamma- 
ble mixture, poor in oxygen, is formed with the carbon monoxide and 
hydrogen. Coal dust-air mixtures and mine gas-air mixtures would 
according to this conception behave very differently toward the hot 
gases of explosion. 

The German testing stations are in Derne (Mining Association 
Testing Station), Neunkirchen b. Saarbrucken (Government Testing 
Station), Aachen, Zwickau and Reuthcn. Austria has a station at 
Mahnsch-Ostrau (now Tschechoslovakia), Belgium one at Fra- 
meries. 13 The French testing station at Lievin was destroyed during 
the war and built again at Montlucon. The English Official Testing 

ls Gluckauf (1907), p. 1142. 

» For description see Watteyne and Stassart, Ann. Min. Bdaique, X : Z. 
ischiess- und Sprengstoffw, I, p. 135. 
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Station was originally at AI tofts and was moved to Eskmeals in 
19 11. 14 In the United States the testing station at Pittsburgh 
operates in connection with an experimental mine at Bruceton. 



CLASSIFICATION OF PERMISSIBLE EXPLOSIVES 

Kvery category of the brisant explosives can by a suitable gradation 
of brisance, by avoiding or limiting certain and adding other compo- 
nents, be rendered permissible. 15 They are therefore recognized by 
the name of their most important component, sueh as permissible 
nitroglycerine explosives, or permissible ammonium nitrate, chlorate 
or perchlorate explosives. While permissible chlorate explosives 
were only used temporarily during the World War on account of the 
scarcity of saltpeter and glycerine at that time, and enjoyed a limited 
popularity, 15 and perchlorate explosives were adopted to a certain 
extent, the permissible ammonium nitrate explosives are highly 
important and today play the principle part in coal mining. 

In addition to this the permissible nitroglycerine explosives have 
had a prominent place from the very first, since on account of their 
high brisance they have maintained their position for the blasting of 
accompanying rock. They will be considered in the following. 
They can be divided into explosives having a base of liquid nitro- 
glycerine, such as Wetterdynamit and Carbonit, and those having a 
base of gelatinized nitroglycerine, such as permissible gelatine 
dynamites. In Germany only the latter are in use today, the first 
group having become obsolete. 17 

By nitroglycerine explosives will be understood explosives with 
at least 20 per cent of nitroglycerine, those with a lower nitroglycerine 
content, as a rule 4 per cent, being considered in a special chapter, 18 



" Now at Rotherham. 

u Kast {Sprang- u. Ziindstoffe) also mentions on page 303 permissible ex- 
plosives similar to black powder in his division of permissibles, and as a 
representative of this group gives on page 117 the English Bobbinite (62 per 
cent KNOs, 17 to 19 per cent charcoal, 1.5 to 2.5 per cent S, 13 to 17 per cent 
ammonium Bulphate and copper sulphate). However, such a powdered ex- 
plosive would not meet the German requirements. 

l * The chlorate explosives safe in coal dust played a certain role, however, 
in the coal mines of Upper Silesia, which were free from gas. 

17 Both are no longer used in the United States.— Translator. 

14 See Chapter XXIV, Explosives Having a Low Nitroglycerine Content. 



398 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 

which also embraces the so-called semi-plastic type of permissibles 
with 10 to 12 per cent nitroglycerine, or in general the ammonium 
nitrate type, 

COMPOSITION OF THE PERMISSIBLE NITROGLYCERINE EXPLOSIVES 

Wetter dynamit 

The oldest permissible explosives arc the Nitroglycerine explosives, 
which were derived from guhr dynamite and the old wood meal, 
pulverulent dynamites. From the idea of using salts containing 
water of crystallization as tamping, 19 the water of crystallization being 
evaporated by the hot gases of explosion and cooling the latter, it was 
only a step to mix these salts with the explosive itself. 

M tiller* 8 and Aufschlager added crystals of washing soda, Epsom 
Bait or Glauber salt in considerable quantities, and obtained an 
explosive having a high degree of safety in fire damp. 

The original Wettcrdynamit contained about : 

per cent 

Nitroglycerine 42-52 

Kieselguhr u-11 

Crystallized soda, magnesium sulphate or sodium sulphate. . . . 47-35 

An example of this, composed of 44 per cent nitroglycerine, 12 per 
cent kieselguhr, 44 per cent sodium sulphate, gave a lead block expan- 
sion of about 170 cc. and a lead block crushing of 10 mm. The 
effect is thus somewhat low as compared to the expenditure of nitro- 
glycerine in the permissible gelatine dynamites in use today. Any 
efflorescence of the salts containing water of crystallization on long 
storage in dry air should be taken into consideration as regards change 
in the composition and properties of the explosive, i.e., increase in 
nitroglycerine content and diminution of the effective water content 
and consequently the degree of safety. Moreover the sulphates, on 
decomposition, give the gases of explosion a certain content of 
sulphurous acid or hydrogen sulphide if the kieselguhr is replaced by 
wood meal and an oxygen deficiency is present, as in the French and 
Belgian Grisoutit and Grisoutine. However, such Wetterdynamit 
was used for a long time, especially in Belgium and France. In 

"German patents 22006 and 103731. 

aD British patent 12424; Belgian patent 78865. 
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Austria this type was used until a few years ago with the composition: 
52 per cent nitroglycerine, 14 per cent kieselguhr and 34 per cent 
soda crystals. 

The Belgian Grisoutite or Grisoutine II has the composition: 44 
per cent nitroglycerine, 44 per cent sodium sulphate or magnesium 
sulphate and 12 per cent cellulose or wood meal, and gives about 
200 cc. expansion and 11 mm. crushing. 

The corresponding French permissible dynamite had a quite 
similar composition. (See table 46). 

In the United States these permissible dynamites were used at 
first under the designation Giant Coal Mine Powder and Giant Low 
Flame Powder and were given the generic name of "Hydrated 
Explosives." 21 



TABLE 46 
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In addition to salts containing water of crystallization, salts were 
also used which gave off a large amount of gas on explosion and thus 
consumed heat, like bicarbonate*) and oxalates. In England particu- 
larly ammonium oxalate is very popular and still used today to a 
great extent in many explosives, whereas in Germany cheaper com- 
ponents or salt mixtures such as alkali chlorides, in connection with 
ammonium nitrate arc preferred. An English permissible dynamite 
had the composition: 40 per cent kieselguhr dynamite, 45 per cent 
ammonium oxalate and 15 per cent sodium nitrate. 

Carbonite 

The carboni tes, which likewise contain nitroglycerine in a liquid 
state and have the character of weak, mixed dynamites (not gelatines) 
were introduced by C. TL Bichel and furnished for a long time in 

21 Also "N. G. Permissibles." — Translator. 
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large quantities. In Belgium a mixture of a composition correspond- 
ing to the Kohlencarbonit was sold as Colinite antigrisouteuse, 
Forcite antigrisouteuse, Minite and Securophore III. The carbonite 
type was also in use for a long time in England. 

The Carbonitfabrik manufactured this dynamite up until shortly 
before the World War. It was characterized by a high degree of 
safety in fire damp and coal dust, attained by a very incomplete 
combustion with consequent low temperatures of explosion and low 
heats of explosion, and with a moderate strength. The main com- 
ponents were 25 to 30 per cent nitroglycerine, 25 to 35 per cent 
potassium or sodium nitrate, and spent tan meal, low grade rye flour 
or wood meal in quantities far too large for complete combustion by 
the saltpeter present. 

The gaseous products of explosion of carbonite were therefore 
combustible and poisonous, and in addition to methane and hydrogen 
contained large amounts of carbon monoxide. In general high value 
is placed today on explosives for coal mining which give gaseous 
products free from carbon monoxide. A calculated oxygen balance 
in decomposition is now prescribed by the mine police in Germany. 
Meanwhile it has now been learned how, by suitable additions of 
vaporizable salts such aB alkali chlorides in connection with am- 
monium nitrate, explosives having an oxygen balance and con- 
sequently complete combustion can be made with sufficiently low 
temperatures of explosion and a sufficient degree of safety in fire 
damp. 

The use of such large quantities of edible meals as was customary 
in carbonites was moreover out of the question in Germany during 
and after the World War for economic reasons. 

In the manufacture of these types meal and saltpeter, after a 
thorough drying and very fine grinding, were intimately mixed, and 
while in the mixer nitroglycerine added slowly in a fine stream. 
The most important representatives, according to Bichel," were aB 
given in table 47. 

The statements in the cited work of Biehel do not appear to be 
correct, and there seems to be no reason for the great deviations in 
data for very similar chemical compositions, for example for the 
relatively high temperature of explosion of Carbonit. Furthermore 

» Gluckauf (1904), p. 1043. 
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the velocity of detonation of Carbonit II, with 30 per cent nitroglyc- 
erine, must be higher than that of Carbonit I, and not the reverse. 
The lead block expansions were determined by the older method of 
tamping with loam and compressing the block in a frame. According 
to the standards of the Fifth International Congress of Applied 
Chemistry at Berlin, sand tamping, which is in quite general use 
today, would give an expansion of the carbonites of only about 170 
to 200 cc. 

TABLE 47 

German carbonites 





CABBONIT 


K Oil LBN- 
CARBONir 


CABBONIT I 


CABBOHIf II 


■ 

Meal 

i . — - : 


per cc»< 

25.0 
30 5 

4.0 
40.0 

0.5 


per cent 

25.0 
34.0 

1.0 
1.0 

38.5 

0.5 


per cent 

25.0 
30.5 

39.5 
6.0 


per cent 

30.0 
24.5 

40.5 
5.0 


Heat of explosion in Calories per 

Temperature of explosion 

Velocity of detonation in m/a .... 
I Lead block expansion* 


576 

1874°C. 
2443 
235 cc. 


506 

1561°C. 
2700 
213 cc. 


536 

1666°C. 
3042 
240 cc. 


602 

1639°C. 
2472 

258 cc. 



* Statements by Bichel, loc. dt. 



The carbonites generally proved to be safe in fire damp at the 
highest charges used in the test gallery. On the other hand, their de- 
gree of safety in coal dust can be considered as problematical under 
certain conditions, on account of the combustibility of their gaseous 
products of explosion, particularly with the types which contain 
potassium nitrate. Potassium nitrate, even in permissible ammo- 
nium nitrate explosives, has proved to be a component which affects 
the safety in coal dust very unfavorably. 

Permissible gelatine dynamite 

| The transition to permissible gelatinous explosives was by a ear- 

1 bonite in which the nitroglycerine was gelatinized by a little collodion 

L 
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cotton. However, this had neither the form or density of a gelatine 
dynamite but was merely a crumbly, somewhat plastic mass, which 
was packed by hand or cartridged like guhr dynamite. Gelatine 
Carhonit la of the Carbonitfabrik contained 35 per cent nitroglyc- 
erine, 1 per cent collodion cotton, 17 per cent sodium nitrate, 36 per 
cent meal, 5 per cent common salt and 6 per cent glycerine-glue 
gelatine. The English representatives 23 of this class were as given 
in table 48. These explosives did not differ appreciably from the 
pure, powdery carbonites, and had the same advantages and defects, 
except in the case of Haylitc I, which had a better combustion equa- 
tion, but which would be considered as only moderately safe in fire 
damp and very safe in coal dust under German test conditions. 



TABLE AS 

English carbonites 



Nitroglycerine 

Nitrocellulose 

Potassium nitrate 

Barium nitrate 

Wood meal 

Gelatinized silicic acid 

Ammonium oxalate 

Magnesium carbonate. 



EXTRA 



PHOENIX 
POWDER 



{4 0-36. 

0 1- 0 6j 1.0 
,{0.0-34 

3 .0- 5 



HA TUTU 

HO. 1 




OAKL1TB 

NO. 1 



.0 27 0 24,0-26.0 



31.0-35.0 



33.0-37.0 



0.5- 15 
19.0-21.0 
19.0-21.0 
12 0-14.0 
6 0- 8 .0 
100-12. 



0.5- 1.5 
52. 5-35.5 

13 5-36 5 



0.5 



GRISOUTINES 

In France the carbonitcs are not allowed in coal blasting on account 
of their combustible vapors. As a result of the suggestion of the 
French Fire Damp Commission, which placed the major importance 
on a lower temperature of explosion, ammonium nitrate was added to 
the nitroglycerine explosives. The temperatures of explosion were 
calculated for mixtures of guhr dynamite and ammonium nitrate 24 
and are given in table 49. Here, as already mentioned in the general 
section of this chapter, the influence of brisance upon ignition of the 
fire damp mixtures was not taken into consideration, so that accord- 

" Other similar English explosives are given in Kast, Sprenp- und Zund- 
ttoffe, p. 309, 

11 Escalcs, Nitroglycerin und Dynamit, p. 267. 
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ing to the German ideas most of the French permissible explosives 
would not have a very high degree of safety on account of too high a 
brisance. 

For example, a mixture of equal parts of guhr dynamite and 
ammonium nitrate, with a lead block expansion of 320 cc, in spite of 
its relatively low temperature of explosion, tested according to the 
German requirements, could not be considered as a permissible 
explosive. 

There were manufactured in France the following so-called Gris- 
outines from gelatinized nitroglycerine and ammonium nitrate, con- 
taining a large oxygen excess, but only the 30 per cent belonged to 
the type of permissible explosives. On account of the low density 
of the ammonium nitrate the 30 per cent gelatine was not sufficient 

TABLE 49 



Temperatures of explosion for mixtures of guhr dynamite and ammonium nitrate 



niJHB DTN1MTB 


AMMONIUM JHTRATE 


TBMPEBATDHB 


percent 


per cent 


°C. 


0 


100 


1130 


20 


80 


1408 


50 
100 






0 


2940 



to so surround the salts as to make a mass which would cartridge well, 
and cartridging of this explosive is therefore very troublesome. 

The French schedule and the long formalities of petition for 
official approval and changes allow a smooth adjustment of explosives 
to commercial requirements only with great difficulty. (See table 
50.) At the present time the 12 per cent Grisoutines under the name 
of "Grisou Dynamite couche" are permitted in coal beds in France, 
and for rock work the 30 per cent Grisoutines under the name "Grisou 
Dynamite roche." According to the German test conditions the 
30 per cent and 25 per cent Grisoutines would not be allowed as per- 
missible explosives, the 20 per cent would give lower safe limits, and 
only the 12 per cent Grisoutine would be embraced within the range 
of permissible explosives used in this country. 

Moreover the grisoutines must be regarded as irrational in composi- 
tion on account of the lack of utilization of the ammonium nitrate 
as an oxygen carrier. The same strength can be attained with a 
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lower content of expensive nitroglycerine by partly replacing the 
latter by cheap carbonaceous ingredients. The increase in tempera- 
ture of explosion caused by the combustion of the latter can in turn 
be regulated by suitable additions. 

In Germany the development was from gelatinized carbonites, 
which were crumbly and little plastic, to the true permissible gelatine 
dynamites, in which the potassium or sodium nitrate was replaced 
by the more effective ammonium nitrate, with consequent increase 
in strength. At the same time the bulky carbonaceous ingredients 
were reduced, and to diminish the brisance and temperature of 
explosion increasing quantities of chlorides such as ammonium 
chloride and particularly potassium and sodium chloride were 



TABLE 50 

French Grismttines 



Nitroglycerine 

Collodion cotton 

Ammonium nitrate 

PotasBium nitrate 

Lead block expansion. , . 
Lead block crusbing 



12 PBR CENT 
GRIBOUTIKE 


29 PBR 
CENt 
GRIB- 
OUT1KK 


GOMME 


30 PER CENT 
GR1BOQTINE 


I 


II 


I 


II 


per cent 

12.0 
0.5 
87.5 


per cent 

12 0 
0 5 

82 5 
5.0 


per cent 

19.6 
0.4 
80.0 


per ctM 

25 
1 
54 
10 


per cent 

29.4 

0.6 
70 0 


per cent 

29.4 
0.6 

65 
5 


245 cc. 
8.5 mm. 


235 cc. 
7.5 mm. 






295 co. 
18 mm. 


285 cc. 
18 mm. 



added. 25 At the temperature of explosive decomposition not merely 
the ammonium chloride, but also the alkali chlorides vaporize, the 
more completely the smaller their particle size, i.e., the finer they 
are ground. Their vaporization naturally reduces the temperature 
of explosion, but it should be noted that large additions of a chemi- 
cally inactive material hinder the passage of the wave of detonation 
and consequently reduce the velocity of detonation and brisance. 
The alkali chlorides have proven to be the most effective and at the 
same time the most economical means of obtaining a high degree of 
safety in fire damp in all classes of permissible explosives, particularly 
in permissible gelatine dynamites. 



« British patent 13531 (1903). 
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Bichel 28 recommended as particularly effective the addition of 
equivalent quantities of ammonium chloride and alkali nitrate, which 
would form alkali chloride in an extremely fine state of subdivision, 
or in the most effective form, and at the same time combine the 
hydrochloric acid set free from the ammonium chloride with a metal 
and remove it as such from the products of explosion. 

Other chlorine compounds in connection with alkali nitrates were 
also proposed for this purpose. 27 However, the mere addition of 
alkali chloride was finally found to be just as effective and the most 
economical. 

In England the oxalates were preferred for obtaining the same 
result, mainly ammonium oxalate, which is still used to a large extent 
today in the permissible nitroglycerine explosives. In Germany 
actual experience has shown the more expensive oxalates to have no 
technical advantage over the alkali chlorides used for the same 
purpose. 

A further step in the development of permissible nitroglycerine 
explosives was the adaptation of their form, density and plasticity to 
that of the true gelatine dynamites. The explosives previously 
described were more or less pulverent and lacked the advantage of 
high density and plasticity of gelatine dynamites, which would spread 
out against the walls of the borehole. Since the nitroglycerine con- 
tent of the permissible explosives naturally has to be held to certain 
limits so that their brisance will not be too high to give high charge 
limits, the plasticity had to be increased by adding certain materials, 
because the quantity of nitroglycerine-gelatine present was usually 
insufficient to hold the solid components as a cohesive, plastic, flexible 
mass. The techni cal term for this was ' 'lengthening or stretching the 
gelatine." These added materials were important from the com- 
mercial and manufacturing point of view as affecting the case of 
cartridging. A sufficiently soft, plastic mass can be easily packed 
on the same cartridge machine as ordinary gelat ine dynamite, whereas 
plastic gelatines with a low nitroglycerine-gelatine content can under 
certain conditions form so stiff a mass that their cartridging is an 
extremely difficult matter, especially after they have become eold or 
been stored. 



" German patent 175391 (1902); British patent 28245 (1902). 

11 British patent 5791 (1903); trichloro acetates and alkali nitrates 
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Aside from such special additions the collodion cotton content of 
the gelatine plays a very important role, as has already been pointed 
out under gelatine dynamites. Softer gelatines with a lower collodion 
cotton content can be cartridgcd better than those which are stiffer 
from more collodion cotton. 

Furthermore the content of voluminous components such as wood 
meal, plays a very important part in the question of plasticity and 
ease of cartridging. This component must usually be held within 
rather narrow limits, depending upon the nature of the explosive. 

For the "stretching" of the gelatine mainly such components are 
used as will dissolve in nitroglycerine and thus form a homogeneous 
mass with it, like aromatic nitrocompounds and aromatic hydrocar- 
bons, e.g. naphthaline. In the case of explosives which have a nearly 
complete combustion equation and good fumes on explosion, such 
added compounds do not act favorably on the permissibility, since 
the temperature of explosion is naturally raised considerably. 

Also liquids insoluble in nitroglycerine, and heterogeneous gelatines 
used as such additions, when in a st ate of fine subdivision in the explo- 
sive or emulsified with the nitroglycerine, are capable of increasing 
the plasticity of the explosive in the manner desired. For example, 
the Carbonitfabrik made considerable use of a glue-gelatine called 
"Melan," a jelly obtained by boiling glycerine with an aqueous solu- 
tion of glue, for increasing the plasticity. The Dynamit A.-G. 
vormals Nobel & Co. added substances wholly or partly soluble in 
water or which swelled up with water, such as dextrine, starch or 
gums, to the nitroglycerine-gelatine. 28 Potato Sour increases the 
plasticity in the same way. 

A]so pure glycerine, a so-called gum-sugar or a syrupy, concen- 
trated sugar solution which would not crystallize, small amounts of 
vegetable oils, or liquid hydrocarbons such as paraffin oil, were 
added for the same purpose. Such oils when present in too large 
quantities can affect the sensitiveness and propagation, even of 
nitroglycerine explosives. Also concentrated waste sulphite liquors" 
have been found to be very suitable for stretching the gelatine. 

In contrast to all the above substances, which are carbonaceous 
materials and consequently require oxygen for combustion, and raise 

» German patent 182030 (1903), so-called "Nobelit Patent." 
** German patent 353200. 
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TABLE 51 

Composition of permissible gelatine dynamites 





GELATINE- 
CABBONIT 


NOBELIT 


FORD IT 


fOrdit 1 




per cent 


•per cetxt 


T>ttT cent 


per cent 


Nitroglycerine 


25 3 




93 no 




Collodion cotton 


0.7 


0.7 


0.98 


15 


JNitrotoluene 






3.50 


5.0 


Glue-Kelatine . 


6 9 








Glycerine 






8 70 


3.0 






Z. 0 




4.0 


Potato flour 


j- 


10.0 






Vpff^ttt nfo nil 




0.5 






Wood meal 


z 


1.0 






Ammonium nitrate 


41.5 


39.7 


41.00 


37.0 




25.5 


17.6 




— 


| 




22.00 


24L0 


Ultramarine. , 


0.1 









"BoW (china clay) 


i — 




0.10 


— 




[ CC, 




270 cc. 








SAFETY 


PERMISSIBLE GELATINE 


DYNAMITE 














DYNAMITE 


la 


I 


III 




percent 


per cent 


jw cent 


per cent 




32.25 


38.0 


40.0 


28.0 




1.25 


10 


1.0 


0.7 


ulue-dextrine-glycerme jelly 


9 60 
















11.0 




18.00 


14 0 


10.0 


4.0 








2.0 




Wood meal 












4.0 


3.5 




Sodium nitrate , 


22 60 
10 80 


25.5 


27.0 


37.0 


Potassium nitrate 




5.0 


4.0 




Common salt 








19.3 


Potassium chloride 


5.50 








An oxalate 




2.5 






A fatty acid salt 




10.0 


12.5 j 
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the temperature of explosion, the Dynamit A.-G. has recently used 
accurately measured quantities of saturated solutions, particularly 
a somewhat syrupy, saturated calcium nitrate solution, 30 which is in 
itself an oxidizing material. It imparts to the explosive a high degree 
of plasticity without affecting the sensitiveness by the attendant 
water content. It allows the manufacture of gelatinous explosives 
of low nitroglycerine eontent which cartridge well, have an oxygen 
excess and high charge limits, and has recently been used to a large 
extent, for example in the Wetter-nobelites, etc 

Table 51 gives the older representatives of such permissible gelatine 
dynamites. 31 These explosives are cohesive masses of high density, 
similar to gelatine dynamites. In the case of the Gelatine-carbonit 
the density amounts to 1 .6. The combustion equation is usually more 
favorable than in the case of the carbonitcs, although with most of 
them the gases of explosion still contain some carbon monoxide. 
Only the gelatine-carbonite was compounded on an approximate 
oxygen balance. Their higher strength as compared to the first 
permissible dynamites and carbonites is worthy of notice. However, 
it was found after some time by means of a change in the conditions 
of the test 32 that such strong explosives had only a low degree of 
safety in mine gas-air mixtures, since by the German method they 
were tested in mine gas alone, without admixture of coal dust, 
where as their degree of safety in coal dust alone was always satis- 
factory. They therefore disappeared after the 1909 investigation 
by Beyling previously mentioned, and were replaced by the less 
brisant mixtures which satisfied the new test conditions. 

In England the earlier methods of testing at the Woolwich Station 
led to even more brisant permissible explosives, which in part did not 
differ appreciably from ordinary gelatine dynamites and in part 
approached the German low-strength substitute dynamites. 33 

The fundamental difference between the older English method of 
testing and the Continental method was that in England the shots 
were fired from a tamped mortar, while on the Continent only the 
results from an untamped mortar were taken into consideration. 
It was assumed that in actual practice only well tamped shots would 

30 German patent 349166 (1919) and Addition 372506, 
11 GMckauf, II, p. 1717+ (1908). 

32 See introduction to tbe chapter. 

33 Bichel, Z. Schiess- u. Sprengstoffw., II, (1907), p. 170+. 
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be fired and that therefore the results of untamped shots need not be 
considered. At that time exceptional conditions and particularly 
unfavorable circumstances were not taken into consideration. 
Reference should be made in this connection to the above-mentioned 
investigations by Heise. 

According to English regulations the tamped shots were fired from 
a mortar into a mixture of 15 per cent illuminating gas and 85 per 
cent air, the diameter of the gallery being 72 cm. The requirement 



TABLE 52 

List of English permissible explosives 



Nitroglycerine 

Nitrocellulose 

Potassium nitrate 

Ammonium nitrate 

Wood meal 

Cereal meal 

Chalk 

Castor oil 

Ammonium oxalate 

Aluminium a Lea rate 

Liquid hydrocarbon 



59.5-62.5 
3.5- 4.5 
18.0-20.0 



SAXON1TK 



CELTITJJ 



42.5-62.1 
2.5- 5.0 
16.0-27.5 



3.5- 5 



5 



0.5- 1.5 
9.0-11.0 



3 .5- 8 0 



0.5 



56.0-59.0 
2.0- 3.5 
17.0-21.0 

8.0- 9 0 



9 0-27 .011.0-13.0 



BUSSELITE 

40 0 -42.0 
1.75- 2.75 
24.0 -26.0 

3.0 - 5.0 

0.5 

22.0 -24.0 



COHON1TK 



18.0-40.0 
0.8- 1.3 
3.0- 5.0 
26.0-28.0 
2.0- 4.0 

8.0-11.0 



11.0-14.0 
2 0- 4 .0 



The wide limits in the various components of the prescribed composition 
are astonishing, since on the Continent at that time only explosives of exactly 
defined percentage composition, for example in Germany defined on the basis 
of the so-called Blasting Lists of officially recognized testing stations, were 
allowed by the authorities to be used in coal mines. The Prussian Mining 
Police Regulation, for example, permits of only a deviation of 0.5 per cent in 
the various components from the quantities appearing on the Blasting Lists. 



was that of twenty shots with a quantity which gave a certain recoil 
of the ballistic pendulum, 31 with tamping 12 and 9 inches long, no 
shots should fire the gallery. Coal dust was not considered. With 
this method the smaller gallery diameter and high sensitiveness to 
ignition of the illuminating gas mixture gave a severe test, while on 
the other hand the tamping diminished appreciably the ease of 
ignition. Also the amount of charge was not especially high. Noth- 
iDg was said about determination of charge limit. 

34 Guttmann, Industrie der Explosivslojfc, p. 623. 
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This method caused only the most extreme explosives such as 
unchanged, pure, highly brisant dynamites on the one hand and 
those similar to black powder on the other hand, to ignite the gallery. 
At the highest brisance and very high temperature ignition occurred 
in spite of tamping, while the flame of black powder was of such long 
duration that it ignited the mixture after the tamping had been 
blown away. 

Those between these extremes did not cause ignition on account 
of the tamping, and were formerly considered as permissible explo- 
sives in England. Even Bobbinite, 55 a black powder explosive whose 
flame was reduced by the addition of ammonium sulphate, was for 
a long time regarded as a permissible and suitable for coal mines, 
although it did not differ essentially from black powder and was 
anything but safe in fire damp and coal dust, and it has perhaps been 

the cause of numerous accidents. 

Only a few examples of explosives which were at that time regarded 
as permissibles in England, appearing as such on the "Special List" 
of the so-called "Permitted List" since 1900, will be given here. 
(See table 52.) 

Later the English test regulations were brought into conformity 
with the Continental method and every explosive similar to dynamite 
taken off the Permitted List. For shooting in coal today in England 
pulverent ammonium nitrate explosives containing some common 
salt and a moderate proportion of nitroglycerine, perhaps 10 to 15 
per cent, are mostly used, which are also permissible according to 
German ideas and which will be mentioned in the next chapter. 3 * 

PERMISSIBLE GELATINE DYNAMITES FROM 1908-1914 

Some examples of permissible gelatine dynamites as made and 
tested in Germany according to the new, separate testing in mine gas 
and coal dust are as shown in table 53. Of very similar composition 
were Gclatinc-Sonnit, 37 Neu-Romperit, 38 Saxonit, 38 Gesilit, 39 Gela- 

31 See Kast, Spreng- und Zundslofe, p. 303. 

"See Part III, Chapter XXIV, Explosives with a Low Nitroglycerine 
Content. 

17 Deutsche SprengstoftVA.-G. Hamburg. 

" Dresdener Dynamitfabrik. 

" Sprengstoffwerke Dr. R. Nahnsen & Co. 
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TABLE 53 

German permissible explosives 



Nitroglycerine -gelatine 

Dinitrotoluene 

Gum-sugar 

Potato or grain flour. . . 

Wood meal 

Ammonium nitrate 
Common Bait 

Oxygen balance 

Lead block expansion . . 



JtEIJ-NOBELIT 



percent 

26.0 
8.0 

9.0 
1.0 
27.0 
29.0 



-14.9% 
230.0 cc 



NET7-NOBEUT 



per cetU 
30 0 

3.5 



36.0 
30.5 



+4- w» 
220. Occ. 



NEU-JTOBELIT 



■per cent 

30.0 



6.4 

30.5 
33 1 



-5.6% 
230. Occ 





fiELATOfB- 
CAKUOKITB 

It 


GKLATINK- 
LARDONITt 


fSkdit iyJ 


AGfcSID 2\ 




per ctnt 


per txnt 


■per cent 


per cent 


Nitroglycerine-gelatine 


23.6 


30.0 


22.0 


30.0 


Trinitrotoluene 


3.0 








Nitrotoluene 






5.0 






4.0 


2.5 


3.0 




Vegetable Jelly 








2.0 










1.0 


Cereal or potato flour 


10.0 




12 0 




Sodium nitrate 


4.4 








Potassium nitrate 




5.1 






Ammonium nitrate 


31.0 


31.5 


38.0 


36.0 


Common salt 


24 0 


30.9 






Potassium chloride 






19.0 


31.0 


Ammonium oxalate 






1.0 




Oxygen balance 

Lead block expansion 


-13-1% 
220. Occ. 


+5.3% 
225.0 ce. 


-19.5% 
220. Occ. 


+5.0% 
225.0 cc. 



* Dynamit A.-G. vorm, Alfred Nobel & Co. 
t Sprengstoff A.-G. Carbonlt. 
t A.-G. Siegener Dynamitfabrik. 



tine-Siegenit,* 9 Anzit Gelatine-Dahmenit 40 and Gelatine-Leonit. 40 
This group also includes the permissible gelatine dynamites of the 
Westfaiisch-Aithaltisdie Sprengstoff A.-G., Berlin, for example No. 

** Westdeutsclic Sprengstoffwerke A.-G. 
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in 








is 



28 of the following composition : Nitroglycerine-gelatine, 30 per cent; 
naphthaline 1.5 per cent ; ammonium nitrate, 33.5 per cent; potassium 
chloride, 35 per cent; oxygen balance, +2.2 per cent; lead block 
expansion, 220 cc. 

During the years of the World War the German coal mines were 
furnished only very small quantities of these plastic permissible 
explosives of a comparatively high nitroglycerine content. The 
confiscation of glycerine, and its almost exclusive use for military 
purposes allowed mining to have only the most necessary quantities 
of nitroglycerine, so that the high percentage, highly brisant nitro- 
glycerine explosives were used only at places where their use was 
indispensible for rational mining. This was the case, for example, 

ining operations and 
used particularly in 
limestone, turned almost exclusively to ehlorate explosives. Per- 
missible chlorate explosives were also made and used for a short time 
in coal mining, but they met general suspicion on account of then- 
intense flame, so that they soon disappeared from coal mines, al- 
though they caused no noticeable accidents, and a quantity of am- 
monium nitrate was released to provide the mines with ammonium 
nitrate explosives. This branch of mining shifted for several years 
to ammonium nitrate explosives containing 4 per cent nitroglycerine, 
which proved to be sufficient for coal mining but often too weak 
for blasting accompanying roek. 

On release of glycerine after the war a strong demand for stronger 
and denser explosives for coal mining arose, and although for work in 
the coal the ammonium nitrate explosives were largely retained, 41 
on the other hand the consumption of permissible gelatinous explo- 
sives containing 25 to 30 per cent nitroglycerine for work in accom- 
panying rock increased from year to year. 

A series of new explosives was tested by the testing stations, mainly 
the one at Derne, and introduced. They were like the type used in 
the last few years before 1914. However, it had meanwhile become a 
rule to use for underground work only explosives compounded on 
complete combustion equations or having an oxygen excess, so that 
the fumes would be free from carbon monoxide. This has since been 

" In the Ruhr coal field the Wetter-Detonites of the Dynamit A.-G. vorm. 
A. Nobel & Co., and the Wctter-Westfalites of the Westfalisch-Anhaltische 
Sprenestoff-A.-G. are used to a great extent todav. 
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m ade a law. 45 The consequent relatively high temperature of explo- 
sion must be equalized by corresponding additions of salts to reduce 
the temperature of the gases of explosion and the total strength, and 
safety with maximum charge limit is only attained by explosives of 
moderate brisance, and a lead block expansion of 200 to 220 cc. 

With the usual nitroglycerine content of 25 to 30 per cent which in 
general should not be exceeded for economic reasons and for the 
greatest possible safety in fire damp, the "stretching agents" for 
gelatine seem still indispensible to render the gelatine flexible and 
capable of cartridging well. Such substances as cereal meals, potato 
flour, and sugar syrup important for human or animal consumption, 
were eliminated even after the war for reasons which can well be 
understood. Others, such as glycerine, which were in themselves 
very suitable, were given up on account of their high cost or else used 
to only a limited extent, in any case, the use of glycerine in the 
manufacture of explosives is more economical in the form of 
nitroglycerine. 

In place of such materials the cheap vegetable glue, cheap cellu- 
lose-pitch-syrup 43 and saturated calcium nitrate solution preferred 
by the Dynamit A.-G.,* 4 are used, the latter being at the same time 
an oxidizing agent and particularly suitable for the manufacture of 
explosives having an oxygen excess. 

Aromatic nitrocompounds as "stretching agents" for gelatines 
raise the heat of explosion considerably, and require a corresponding 
diminution of brisance by addition of correspondingly increased 
quantities of salts to afford a proper degree of safety. An example 
of such explosives is Gclatine-Carbonit 30, having the composition: 
Gelatinized nitroglycerine, 30 per cent ; nitronaphthaline, 3 per cent ; 
ammonium nitrate, 24 per cent; potassium nitrate, 2 per cent; 
potassium chloride, 41 per cent ; having an expansion of 210 cc. and 
approximately an oxygen balance. 

On the other hand, the Nobelites 18 to 23 of the Dynamit A.-G. 
contain 2 to 5 per cent of a saturated calcium nitrate solution and, 
some dinitrotoluene as "stretching agents." Altogether they show 

« Prussian Police Order of January 25, 1923, §§ 8 and 18, see Reichsanzeiger, 
1923, No. 41, Supplement 1. 

43 German patent 353200 to Dyo. A.-G. and Dr. Naotfm. 

** German patent 349166 and Addition 372506 to Dynamit. A.-G. and Dr. 
Nao&m. 



NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



NAME 



Wetter- 

Nobelit 
B 



Wctter- 

Nobelit 
C 



Wetter- 
Car- 
bonit A 

Wetter- 
Agesid 
A 



TABLE M 

Mining list published in the Reichsanzeiger 



CHEMICAL COMPOSITION 



MAXIMUM 
CHABGE 



COMPANY AND PLANT 



Wetter- 

Nobelit 
A 



0£ 



per cent 

gelatinized nitro- 
glycerine 

2.50 Ca {N0 3 )i solution 
32.00 NHjNOi 

2.00 Dinitrotoluene 
1.00 Wood meal 
36.50 Common salt 

30.00 gelatinized nitro- 




3.00 50percentCa(NO s )» 
solution 
26.50 NH4NO2 

0.50 Wood meal 
40.00 Common salt 



24.70 gelatinized nitro- 
glycerine 

5.00 CafNO^j solution 
29.30 NH4NO3 

2.00 Dinitrotoluene 

1.00 Wood meal 
38. 00 Common salt 

Identical with Wctter- 
Nobelit B 



Dynamit A.-G., vor- 
mals A. Nobel & Co., 
Hamburg, Sehle- 
busch Plant 



grams 

800 



Same 



800 




800 



800 



Same 



800 



30, 



nitro- 



} gelatinized 
glycerine 
27.00 NHiNO, 
3.40 Sodium nitrate 
1 60 Magnesium silicate 
38.00 Potassium chloride 



Carbonit A.-G. Ham- 
burg, Schlcbusch 
Plant 

A.-G. Siegcncr Dynamit 
Plant Koln, horde 
Plant 



800 



800 



800 



soo 



8O0 
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TABLE U-Conclnded 









MAXIMUM 
CHARGE 


NAMK 


CHEMICAL COMPOSITION 


DOUPAKT AND PLANT 


yj m 

fts 

fi 




Wetter- 
Mark- 
anit A 

Wetter- 
Wasagit 
A 


Identical with Wetter- 
Nobclit A 

2S.00 gelatinized nitro- 
glycerine j 

1.00 "Gelase" 
20 00 NH 4 N0i 
10 00 B&(N0 3 ) 8 

0. 50 Talc 
40.50 Potassium chloride 


Westdeutsche Spreng- 
stoff A.-G., Dort- 
mund, Ruramenohl 
Plant 

Wcstfalisch- Anhal- 
tische Sprengstoff 
A.-G., Berlin (a) Sy- 
then Plant, {b) Reins- 
dorf Plant 


prams 

800 
800 


prom a 

800 
800 


Wetter- 
WaBagit 
B 


26.00 Gelatinized nitro- 
glycerine 

36.00 NH 4 NO B 
1.35 Trinitrotoluene 
1 . 35 Dinitrotoluene 
0 30 Wood meal 

35.00 Potassium chloride 


Same 


600 


800 


Wetter- 
Arit A 


25.00 Nitroglycerine 
0.80 Collodion cotton 
1.00 Glycerine 

29.50 NH<N0 3 

3 70 Trinitrotoluene 
40 00 Sodium chloride 


1, Bayerieche Spreng- 

stofTwerke u. Chem- 
iache Fabriken A.-G, 
Niirnberg, Neumarkt 
Plant. 2. Deutsche 
Cahticitwerke A.-G- 
Gnaschwitz, Cnasch- 
witz Plant 


700 
700 


800 
800 


Wetter- 
Arit B 


25.00 Nitroglycerine 
0.80 Collodion cotton 
1.00 Glycerine 

31 00 NH«N0 3 
4.20 Trinitrotoluene 

38 00 Sodium chloride 


Same, Neumarkt Plant 
Gnaechwitz Plant 


800 
800 


800 
800 
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3 to 5 per cent oxygen excess. In the last few years the Ruhr District 
has consumed large quantities of these, particularly the Nobelit 19, 
which has the following composition: 

TABLE « 

Explosive data of the Welier-Nobelites 



*I TT BR- NOBBLTT I B 





A 


B 


C 


Oxygen balance 


+4.1 


+6.1 


+4.2 


Lead block expansion. 


215.0 ee. 


205.0 ee. 


205.0 ec. 




14.6 mm. 


12.0 mm. 


12.1 mm. 




Cap No. 1 


Cap No. 1 


Cap No. 1 


Density 


1.8 


1.7 


1.7 


Velocity of detonation 


4200 m/s 


4880 m/B 


3050 m/8 


Heat of explosion 


589 Cal. 


513 Cal. 


545 Cal. 




1820°C 


1688°C. 


1727°C. 


Charge limit* (fire damp) 


600.0 grams 


650.0 grams 


700 0 grama 


Charge limit* (coal duat) 


700.0 gramsf 


700.0 grams 


700 . 0 grama 







* According to determination in the Demo Testing Station, 
t Higher charges than 700 grams were not used at Derne, 



per cent 

Gelatinized nitroglycerine 26 

Saturated calcium nitrate solution 5 

Dinitrotoluene 2 

Wood meal 1 

Ammonium nitrate 34 

Common Bait 32 

Lead block expansion 220.0 ce. 

Lead block crushing 14.0 mm 

Velocity of detonation 3750.0 m/s. 

Oxygen balance -f 5 . 0% 

Density 175 

Heat of explosion 575.0 Cal. 

Temperature of explosion 1750°C- 



The large number of permissible explosives tested, offered and sold 
by the various companies under the most varied, phantastic names 
has recently suffered a reduction by a new ministerial regulation of the 
whole field of explosives, at least for Prussian mining, in that accord- 
ing to the police regulation of January 25, 1923, coming into effect 
January 1, 1924, only those explosives shall be offered for sale to 



NITROGLYCERINE EXPLOSIVE 8 PERMISSIBLE IN MINES 417 



mines which have been shown on the issued "List of Mining Explo- 
sives" of the Prussian Minister of Commerce and Labor, and made 
by the co m panics shown in this list as manufacturing such individual 
explosives. Moreover, the explosives must satisfy the provisions of 
the police regulation in question and be specially approved by the 
Chief Mining Council in whose district they are to be sold. 

The first mining list published in the Reichsanzeigcr conforming 
to the above police regulation contained the gelatinous explosives 
Bhown in table 54. 

The explosive data of the Wetter-Nobelites, of which the type A 
has been largely used for a long time arc given in table 55. 

Nrnir-freezing permissible explosives 

Some of the types previously mentioned should be included in the 
group of low-freezing permissible nitroglycerine explosives. They 
contain nitrotoluene or dinitrotoluene 45 in quantities of about 20 
per cent that of the nitroglycerine, or about 5 to 6 per cent nitro- 
toluene to 25 to 30 per cent nitroglycerine. A gelatinous Nobelit 
type containing nitrotoluene belongs to the period before 1908.^ 
The Austrian Pannonit falls in this group. 47 There are also the so- 
called non-freezing Nobelites in which 20 per cent of the nitroglycerine 
has been replaced by dinitrochlorohydrinc, and these likewise corre- 
spond to the older types of Nobelites. 48 

Non-freezing gelatinous permissible explosives based on dinitro- 
chJorohydrine, with a low content of nitroglycerine (so-called nitro- 
chlorin) were known under the designations of Gelatine-Wetter- 
Astralit and Gelatine-Prosperit. The latter, for example, has the 
composition shown in table 56. The field of application of such 
explosives is limited for two reasons. In the first place coal mining 
is below ground, and its explosives are stored there, or out of reach of 
frost., so that the demand for non-freezing permissible explosives is 
not particularly great. Moreover, explosives which have frozen 
during transportation in the cold parts of the year have an oppor- 

** See Chapter XXII on Non-Freeziog Nitroglycerine Explosives. 

**Kast, Spreng- und ZHndstoffe, p. 311, Permissible Gelatine Dynamites, 
Gesilites and Fordites with Nitrotoluenes. These belong in part to the older 
type and today are no longer regarded as safe. 

" Kant, p. 313. 

« Kast, p. 312. 
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tunity to thaw gradually at the warm temperature of most explosives 
magazines located at considerable depths below ground. On the 
other hand, dinitrochlorohydrine is more expensive than nitroglyc- 
erine, so that such explosives, in view of their higher price, are only 
demanded where their non-freezing properties are particularly 
important. 49 

The original idea that dinitrochlorohydrine would be particularly 
suited for the manufacture of explosives which were very safe in 
gaseous and dusty mines, due to its lower temperature of explosion 
than nitroglycerine, and the formation of common salt in a nascent 



TABLE 56 

Composition of Gelatine-Wetter- Astralit and Gelatine-Prosperit 





I 


n 




per cent 


per cent 




20.0 


20.0 




5.0 


5.0 




0 5 


0.5 




5.0 


5.0 




2.5 


2.0 




36.0 


30.0 




4 0 


10.0 




21 0 


27.5 




6 0 






225 .0 cc. 


210 0 cc. 




+0.4% 


-12% 




600 .0 grams 


700.0 grams 



state in the presence of saltpeter, has not been confirmed. These 
peculiarities are readily effaced by the rest of the make-up of the 
explosive, and explosives which are just as safe can be made with 
nitroglycerine. 

The same thing applies to the non-freezing gelatinous explosives 
which are permissible and based upon the use of ^nitroglycerine, 
which were supplied for a long time by the Rummenohl Plant of the 
Westdcutsche Sprengstoffwerke of Dortmund under the names of 
Trcmonit, Gelatine-Dahmenit and Gelatine-Leonit. 

*' In the future dinitrochlorohydrine will probably be replaced by rxitro- 
glycol in this type of explosives also. — Attthob. 
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The Tremonites, which sprung up in the period before 1908 and 
which today are no longer regarded as sufficiently safe, had the 
composition 51 given in table 57. The Gelatine-Dahmenites have 



TABLE 57 

Composition of the Tremonites 







TREMONITES 

SI 


SII 




percent 


percent 


per cent 




36.0 


36.0 


34.0 








2.5 




1-7 


1.7 










12.0 




40.9 


40.9 


26.5 




0.4 


8.0 


25.0 






6.0 






12.0 


7.4 









TABLE 58 

Composition of the Geiatine-Dakinenites 



Dinitrogly cerine 

Collodion cotton 

Nitrotoluenes 

Naphthaline 

Ammonium nitrate 

Potassium nitrate 

Sodium nitrate 

Alkali chloride 

Expansion 

Charge limit (fire damp) 
Charge limit (coal dust) 



<JEL ATI X E-DAHM KNIT 



A 


B 


percent 


percent 


27.4 


27 A 


0.6 


0.6 


4.5 


3.6 


0.5 




32.0 


32.0 


2.0 


2.0 


5.5 


4.5 


27.5 


30.0 



233.0 cc. 
350.0 grams 
700.0 grams 



205.0 cc. 
700.0 grams 
700.0 grams 



been tested separately in fire damp and in coal dust in 1908, and had 
the compositions 51 shown in table 58. 

Bl> Kast, Spreng- und Zundstofe, p. 312. 
61 Kastj hoc. oiU 
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Gelatinc-Leonit had a gelatinous basis of a mixture of trinitro- 
glycerinc and dinitroglycerine, and was in general of a composition 
similar to that of Gelatine-Dahmenit. Both types have proved 
very good. However, they were more expensive than the correspond- 
ing nitroglycerine explosives, and aside from their non-freezing prop- 
erties they offered no special advantages, so that their manufacture 
was given up after a few years. 

A French so-called gelatinous permissible explosive based upon 
dinitroglycerine of the composition:" 



Dinitroglycerine 35.0 

Nitrocellulose 0.7 

Ammonium nitrate 38.4 

Trinitrotoluene 2.6 

Cclluloee 2.0 

Sodium oxalate 12.0 

Ammonium chloride 9.4 



is not a permissible when tested according to the German test. 

There should also be mentioned the low-freezing permissible 
explosives still permitted in France and called "Grisoutines au 
dinitroglycol," of which Grisoutine G has the following composition P 



aw MM 

Nitroglycerine 23.3 

Dinitroglycol 5.8 

Nitrocellulose 0 9 

Ammonium nitrate 70.0 

Nothing is known regarding practical introduction of these two 
explosives. 



" Kut, p. 317; and Dautricbe, Mbn. poudre aalp, 16, p. 186 (1911-12). 
« Hast, p. 318; and Dautriche, If em. poudre aalp., 16, p. 72 (1911-12). 




PLATE ! 

Photographs or Flames or Kxflosion op Certain Explosives 

/- Explosirf* for Rock Work. a. Dynamites. 1, Dynamit 3: 40 per cent 
gelatine dynamit* containing saltpeter. S, Dynamit 3: 40 per cent gelatine 
dynamite containing pcrchlorate. 3, Dynamite 1: 65 per rent gelatine dyna- 
mite. 4. Dvnamiti" 5: 1ft m«r (*nt m-laliita iImiiii iiii'l' £ 1 1 1 i t. 



PLATE 111 



Photogkaphs of Frames of Explosion of Cektaix Explosives 

J. Exploitive.* for Rock Work. c. Chlorate explosives. 11, Chloratit 1 (Ges- 
leins-Koronit). 13, Chloratit 2 [Gcstems-KoxoriH o.X.). 

d. Perchlorate explosives. IS, Perchloratit 1 (Perkoronit a)- H, Per- 

cliloratit 2 (Perkoronit b). 

II. Explosives safe in gaseous and dusly mines. (Permissible explosives.) 
15, Wetier-Dclonit A. 10, Wctter-Astralit A. 17, Wettcr-XobeUt A. 18, 
Nobelit 20. 



CHAPTER XXIV 



EXPL0S1VEB WITH A I<OW NITROGLYCERINE CONTENT 

In the last few decades nitroglycerine has attained no little impor- 
tance as an addition in small quantities to powdery explosives which 
are compounded with oxidizing salts as a basis. Besides certain 
chlorate and perchlorate explosives, the main representatives of this 
class are the safety ammonium nitrate explosives, which play an 
important part in stone quarries, potash and rock salt mines, as 
well as in agriculture, e.g., in stump blasting. The ammonium 
nitrate explosives with a low nitroglycerine content, which are both 
safe to handle and permissible in fire damp and coal dust, are of no 
less importance in coal mining. 

The value of this small addition of nitroglycerine consists in ensur- 
ing detonation and propagation in the explosive in question, a very 
important factor with the weak permissible explosives. Furthermore, 
their plasticity, density, velocity of detonation and brisancc is thereby 
somewhat improved, while on the other hand their safety in handling 
is not affected unfavorably, provided that the addition of nitroglyc- 
erine does not exceed 5 per cent. 

Often some collodion cotton, as a rule about 0.1 per cent, is alao added to 
the explosive, with the idea of holding the nitroglycerine in the explosive more 
firmly and preventing any possible exudation. In actual practice this pre- 
caution has been found to be unnecessary, since the finely divided nitro- 
glycerine does not exude from the explosive even when the latter becomes 
moist. Moreover it has not been shown that with the separate addition of 
collodion cotton and nitroglycerine in such an extreme dilution gelatinization 
takes place. It is doubtful if the small quantity of collodion cotton can be 
sufficiently finely divided in manufacturing operations as to come uniformly 
into contact with the nitroglycerine everywhere. With such explosives the 
nitroglycerine is always added in the liquid form, and the explosive used for 
comparison by the German Railway Commission is an ammonium nitrate 
explosive containing no collodion cotton, the well-known Donarit of the 
E. V. O. 

The nitroglycerine permeates the pulvercnt explosive in a liquid 
condition and in a very finely divided state, "moistens" it somewhat, 
and while in this form it retains its sensitiveness to an initial impulse 

421 
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and imparts this property to the whole mass, unless other desensitiz- 
ing substances which hinder the passage of the explosive wave pre- 
vent such action. This can occur with too large additions of desen- 
sitizing oils, such as paraffine oil, or liquid or plastic, low-nitrated, 
insensitive nitrocompounds which destroy the pulverent state of the 
mixture and render it too moist and dense. The latter compounds 
also dissolve in nitroglycerine and change its physical properties, i.e. 
desensitize it. 

On the contrary, the high-nitrated nitrocompounds such as tri- 
nitrotoluene or dinitrotoluene, desensitize only slightly, although 
they dissolve in nitroglyceriae to a certain extent. 1 

On the other hand, the nitroglycerine is present in these explosives 
in such a state of dilution that their character is not appreciably 
changed either as regards chemical stability or behavior on heating, 
igniting or to mechanical effects such as shock and friction. 

Kast 2 states that small additions of nitroglycerine increase the 
sensitiveness of ammonium nitrate explosives to shock. However, 
this is not generally the case, but other properties of the explosive also 
play an important part, such as a more powdery or a softer plastic 
condition. Also the quantity and nature of the nitrocompounds 
used are not without influence. 

The safety ammonium nitrate explosives allowed in unrestricted 
freight traffic by the German Railway Commission almost all contain 
4 per cent nitroglycerine, or only in exceptional cases 5 per cent. 3 
Donarit, containing 80 per cent ammonium nitrate, 12 per cent trini- 
trotoluene, 4 per cent rye flour and 4 per cent nitroglycerine is used 
for comparison. 

A number of chlorate and perchlorate explosives are allowed limited 
transportation on the German Railways (Group 2 Explosives), such as 
the Gesteins-koronites, Albites, Pcrchlorites and Perkoronites, used 
mainly during the World War, and as a rule containing 4 per cent 
nitroglycerine. Cheddit, containing no nitroglycerine, was used for 
comparison. 

1 See Solubility of Nitrocompounds in Nitroglycerine, Part L 
* Kast, Sprung- und Zundstojfe, 5, Ammonium Nitrate Explosives, p. 321. 
3 See Supplement C of the Railway Regulations I, la, Explosives. A. Blast- 
ing Explosives, Group 1. 
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EXPLOSIVES FOB USE IN ROCK, WITH OXIDIZING SALTS AS THE BASIS, 
AND CONTAINING SMALL QUANTITIES OF NITROGLYCERINE 

Ammonium nitrate explosives 

The oldest ammonium nitrate explosives, such as Roburit and the 
Favier explosives used in Belgium, as well as the French ammonium 
nitrate explosives Grisou-Naphtalite-roche, Grisoutolite-roche and 
others, contain no nitroglycerine. They consist of ammonium nitrate, 
often with some potassium nitrate and dinitronaphthahne, tnnitro- 
naphthaline or trinitrotoluene. Their disadvantage in using insen- 
sitive explosive nitrocompounds, such as the naphthaline derivatives, 
is low sensitiveness and defective propagation. 



TABLE 59 

Composition of the first ammonium nitrate explosives containing a small amount 

of nitroglycerine 





HON aw r 


DON AfclT I 


ART »A LIT 


AMRiUT 
1A 




jut cent 


per oent 

67 


percent 

80 


per cent 

68.3 


80 






12 


25 


12 


25.0 






4 


4 


3 


2.7 










1 








4 


] 


4 


4.0 



The first ammonium nitrate explosives with a small addition of 
nitroglycerine were Donarit and Astralit of the Sprengstoff-A.-G. 
Carbonit and the Dynamit A.-G. vomals A. Nobel & Co. Gesteins- 
Westf alit of a similar composition was brought out by the West- 
f alisch-Anhaltische Sprengstoff-A.-G. 

The oldest representatives of these had the composition shown 
in tabic 59. These explosives gave a lead block expansion of 380 to 
400 cc. net, and velocities of detonation of over 4000 meters per 
second. The types designated as I and la were also called reinforced 
Donarit and Astralit. Their higher trinitrotoluene content gave 
them a higher density, velocity of detonation and brisance. Ges- 
teins-Westfata I contained 73.5 per cent ammonium nitrate, 6 per 
cent potassium nitrate, 7.5 per cent trinitrotoluene, 5 per cent 
dinitrotoluene, 5 per cent meal and 3 per cent nitroglycerine. 



424 NITROGLYCERINE AND NITROGLYCERINE EXPLOSIVES 



Supplement C of the German Railway Regulations contains a 
number of explosives of similar composition, such as Ammonfordit, 
Dominit, Lignosit, Prosperit, Rhenanit, Gesteics-Romperit, Gesteins 
Siegenit, etc. 

After the Prussian Police Regulation of January 25, 1923, on the 
sale of explosives to mines had come into effect, all these phantastic 
names of the various plants for the same category of explosives for 
Prussian mining went into the discard, and the designations were 
simplified for all explosives for use in rock. 

Only ammonium nitrate explosives according to the following 
definition, which made possible a gradation of strength, were then 
sold to Prussian mines under the designation "Ammonit" as am- 
monium nitrate explosives for rock work. It is expected that this 
movement toward simplification of explosives will spread to other 
fields and extend in time to operations not under the supervision of 
the Chief Mining Council, such as stone quarries, and finally be 
adopted by the other German states, 



Ammm.il 1 

Ammonium nitrate, of which up to 10 per cent of the total explo- 

sive may be replaced by potassium nitrate 77-85 

Vegetable meal and/ or Bolid hydrocarbon i_ g 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
phenylamine 

Nitroglycerine {&1bo gelatinized) J- 4 

Ammonit g 

Ammonium nitrate, of which up to 10 per cent of the total ex- 
plosive may be replaced by potassium nitrate 77-87 

Vegetable meal and/ or solid hydrocarbon and/ or natural cellu- 
lose altered chemically or biologically 1_ 5 

Nitroderivatives of toluene and/ or napththaline and/ or di- 
phenylamine, of which up to 4 per cent of the total explosive 
may be replaced by nitrocellulose 12-20 

Ammonit $ 

Ammonium nitrate, of which up to 10 per eent of the total explo- 

Bive may be replaced by potassium nitrate 72-76 

Potassium perchlorate 3_ 5 

Vegetable meals and/ or solid hydrocarbon 1-4 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 

phenylamine 4 11-15 

Nitroglycerine (also gelatinised) , [ . . . . . . .. . . . . . [ 3-4 
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Ammonit 4 

■ 

percent 

Ammoniuin nitrate ♦ . 70-77 

Potassium perchlorate - 5-10 

Vegetable meals and/ or solid hydrocarbon and/ or natural cell- 

| ulose altered chemically or biologically 1-4 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
; phenylamine, of which up to 4 per cent of the total explosive 
| may be replaced by nitrocellulose 10-16 

| Ammonit 5 

per cent 

i Ammonium nitrate, of which up to 5 per cent of the total ex- 
plosive may be replaced by potassium nitrate 73-84 

Aluminium 2-42 

Nitroderivatives of toluene 6-15 

Potassium perchlorate 0- 5 

j Vegetable meals and/ or cellulose or natural wood pulp altered 

i chemically or biologically 0-4 

! Solid or liquid hydrocarbon 0-4 

i 

Ammonit 6 

per cent 

Ammonium nitrate, of which up to 10 per cent of the total ex- 
plosive may be replaced by potassium nitrate 82-88 

i Vegetable meals and/ or solid hydrocarbon 1-6 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
; phenylamine 8 

Nitroglycerine (also gelatinized) 3-4 

Ammonit 7 

percent 

Ammonium nitrate, of which up to 10 per cent of the total ex- 
plosive may be replaced by potassium nitrate 83-88 

Vegetable meals and/ or solid hydrocarbon and/ or eelluloBe or 
natural wood pulp altered chemically or biologically 1-6 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
phenylamine, of which up to 4 per cent of the total explosive 
may be replaced by nitrocellulose 7-11 

Of these Ammonites 1, 3, and 6 accordingly contain an addition 
of nitroglycerine, whereas the others are nitroglycerine-free. Ammo- 



nites 3 to 5, which also contain potassium perchlorate and aluminum 
rendered possible the utilization of quantities of Perdit and Ammonal, 
1 which contained potassium perchlorate and aluminium, left in the 

\ possession of the army at the end of the war. However, the explosives 

L 
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in question must contain at least 50 per cent of fresh materials 
according to Section 13 of the above Regulation. 4 

The explosive data of such explosives with and without nitro- 
glycerine, with the explosive Astralit as an example, show the com- 
parison shown in table 60. The strength of such explosives, both 
with and without nitroglycerine, thus does not differ appreciably 
when large quantities of high-nitrated nitrocompounds such as trini- 
trotoluene are used. However, those containing nitroglycerine are 



TABLE W 

Composition of the Ammonites 



COMPOSITION 



Ammonium nitrate. 
Trinitrotoluene 
Dinitrotoluene 
Vegetable meal 
Nitroglycerine 

Oxygen balance 

Lead block expansion 

Lead block crushing 

Sensitiveness 

Propagation in 30 mm, cartridges 

Velocity of detonation. . . , 

Density of cartridges ■ 

Heat of explosion 

Temperature of explosion 

* When enclosed in steel tubes. 



AWRAUT 
( AMMON1T 1) 


abtbaut o. k. 
{ammonit 2) 


percent 

79 


per ant 

80 


17 


20 


4 




+2.5% 
390.0 cc. 
16.2 mm. 
No. 1 Cap 
12.0 cm. 
5400.0 m/B* 

1.09 
957.0 Gal. 
2170 °C. 


+0.3% 
375.0 cc. 

16.0 mm. 
No. 3 Cap 
8.0 cm. 
4900 . 0 m/B* 

1,03 
1006.0 Cal. 
2220 °C. 



always easier to work and have less tendency to form dust. The 
small quantity of nitroglycerine is always added to the finished explo- 
sive in a fine stream while in the mixing machine, located in a barri- 



* These explosives were formerly sold under the names Astralit V, Donarit 
V, Rivalit P, Rhenanit V, etc., with or without nitroglycerine but with a 
potassium perchlorate content when using Perdit, and as Donarit A, Astralit 
A, Rivalit A, Rhenanit A, Romper it A, etc., with aluminium but without 
nitroglycerine and without perchlorate when using Ammonal. See Supple- 
ment C, of the E. V. O., Blasting Explosives, Group 1. 
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caded building, and mixed 10 to 15 minutes to secure an absolutely 
homogeneous distribution. 5 

There should be mentioned in this connection the ammonium 
nitrate explosive with a low nitroglycerine content, called "Monobel," 
an explosive first made in England and later in the United States as 
well in considerable quantities. The principle varieties are given in 
table 61. 

Monobels II and III are regarded as permissible in the United 
States. 6 Monobel I is permitted in England as an explosive for use 
in roek. Their properties, and the reasons why they are not made 
in Germany, have been already described in Chapter XIX under 
Dynamites with Active Absorbents. 

TABLE 61 



Composition of Monobels 





I 


HOHOBBL 
II 


in 




per cent 


per cent 


per cent 




10 


10 


10 


Ammonium nitrate 


80 


70 


70 






10 


10 




2 


2 






8 


8 










10 



Chlorals and perchlorate explosives 

While the chlorate explosives formerly used in Germany, such as 
Cheddite and Silesia explosives, contained no nitroglycerine, during 

■ For farther details regarding the manufacture of ammonium nitrate ex- 
plosives see Escales, Die Ammonsalpetersprengstoffe, and Kast, Spreng- und 
Zwdstoffe, p. 317. 

• Monobel I is also a permissible in the United States. A very large number 
of similar nitrate of ammonia permissible explosives are made and used in the 
United States, all having 10 per cent nitroglycerine or recently nitropoly- 
glycerine- Practically speaking, they are the only permissible explosives 
used in coal miiies in the United States, and the quantity consumed is enormous. 
In the last few years the tendency has been to reduce the density and so 
increase the number of cartridges per unit weight. This lias proved more 
economical from the viewpoint of the mine owner.— Translator. 
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the war the manufacture of these explosives received a great impetus 
on account of the lack of nitrogen compounds, and additions of 4 
per cent nitroglycerine were made to them without appreciably 
altering the characteristic properties of these mixtures and their 
limited degree of safety in handling. 

Group 2 of the Blasting Explosives in Supplement C of the German 
Railway Regulations includes a number of such explosives which are 
permitted as freight in limited quantities, 200 kg. The best known 
of these are the Gesteinskoronites, Albites, Kohlenkoronites, Wet- 



TABLE S3 

Explosive characteristics of the new, comparatively highly brisant 

chlorate ex-plosives 



Sodium chlorate 

Vegetable meals 

Tri- and Dinitrotoluene 

Parafline 

Nitroglycerine , 

Oxygen balance 

Lead block expansion 

Lead block crushing 

Sensitiveness 

Propagation in 25 mm . cartridges 

Velocity of detonation 

Density of cartridge 

Heat of explosion 

Temperature of explosion 



OBBTKIN8- 
XOKONITTl 



percent 
72.0 

1.0-2.0 
20.0 
3.0-1.0 
3.0-4.0 



+3.0% 
290.0 cc. 
20.0 mm. 
No. 3 Cap 
8.0 cm. 
5000.0 in/ s 

157 
1219 0 Cal. 
3265°C. 



XOHONTT T2 



percent 

75.0 
1.0-2,0 

20.0 
3.0-4.0 



+ 1.9% 
280.0 cc. 
19.5 ram. 
No. 1 Cap 
8.0 cm. 
4300.0 m/a 

1.40 
1241.0 Cal. 
3300"C. 



teralbites and Kohlenalbites, the latter having been used as a per- 
missible in coal mines for a short time, but on account of their possible 
large flame on explosion were soon replaced by ammonium nitrate 
explosives. 

In addition to potassium or sodium chlorate they contain vege- 
table meals, nitrocompounds such as nitronaphthaline, dinitrotoluene 
and trinitrotoluene, and hydrocarbons such as naphthaline or paraf- 
fine. The nitroglycerine added serves to improve the propagation 
and raise the brisance. 
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Up until recently the Gesteins-Koronit T of the Dynamit A.-G. 
found considerable use in potash mines, stone quarries and iron ore 
mines, but in the years after the war it has been replaced more and 
more by the low-percentage dynamites and the perchlorate explosives 
such as Perkoronit . 

The explosive characteristics of the new, comparatively highly 
brisant chlorate explosives, with and without nitroglycerine, are as 
given in table 62. The brisance of the explosive containing nitro- 
glycerine is thus greater than the one without. It is remarkable 
that the latter detonates with the weak No. 1 cap, which is due to 
its dry, pulverent nature, while the more plastic and softer explosive 
containing nitroglycerine is somewhat less sensitive and requires a 
stronger cap. 

Likewise the plastic mixture containing nitroglycerine is some- 
what less sensitive to shock and friction, in spite of the nitroglycerine 
present, than the drier explosive with no nitroglycerine. 

The above-mentioned Police Regulation provides on the list of 
mining explosives among those for use in rock in Prussian mining for 
the following types of chlorate explosives, of which only the first 
tains nitroglycerine : 



KIJJ 



ChloTotU 1 

per cent 

PotaBBium and/ or sodium chlorate, of which up to 20 per cent, 
of the total explosive may be replaced by potassium perchlor- 
ate and/ or potassium nitrate 70-80 

Nitroderivatives of toluol and/ or naphthaline and/ or di- 

phenylamine 12H20 

Vegetable meal 1- 5 

Solid hydrocarbon and/ or oil or fat 3- 5 

Nitroglycerine (ungelatimzed) , 2- 6 

Chloralit * 

per cent 

Potassium and/ or sodium chlorate, of which up to 20 per cent 
of the total explosive may be replaced by potassium 
perchlorate 70-85 

Nitroderivatives of toluol and/ or naphthaline and/ or di- 
pheoylamine , 10-20 

Vegetable meal l- 5 

Solid hydrocarbon and/ or oil and/ or fat 3-5 

Chloratit 3 

per cent 

Potassium and/ or sodium chlorate. . . - . . _ &8-91 

Liquid hydrocarbon with a flash-point not lower than 30°C 12-9 
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Of the perchlorate explosives the Perchlorites and Wetterper- 
chlorites, as well as Persalites, Gesteins-Persalites and Wetter- 
Persalites were much used during the war. Here also an addition 
of 4 per cent, and occasionally 6 per cent nitroglycerine was custo- 
mary. These explosives were also put on the Railway Regulation 
List in Group 2 with the chlorate explosives. The Perchlorites 
contained about 35 per cent potassium perchlorate, about as much 
ammonium nitrate, and aromatic nitrocompounds, vegetable meals 
and usually 4 per cent nitroglycerine. The Wetter- Perchlorites 
contained in addition a corresponding quantity of alkali chloride. 



TABLE 63 

Composition of the Perkoronites 



PotaBBium perchlorate 

Ammonium nitrate 

Tri- and dinitrotoluene, vegetable meal 
Nitroglycerine 

Oxygen balance 

Lead block expansion 

Lead block crushing 

Sensitiveness 

Propagation in 25 mm. cartridges 

Velocity of detonation 

Density of cartridge 

Heat of explosion 

Temperature of explosion 




PEHKOROK1T A 



PKKKOROKIT B 



per cent 

59 
10 
31 



+2.2 


+1.8 


340.0 cc. 


330.0 cc. 


20.0 mm. 


18.0 mm. 


No. 3 Cap 


No. 3 Cap 


6.0 cm. 


4.0 cm. 


5000.0 m/s 


4400.0 m/fj 


1.58 


1.52 


1170.0 Gal. 


1160 0 Cal. 


3145°C. 


3115*0. 



The Perkoronites had a wide sale in the years after the war, 
especially in ore mines and stone quarries- 7 These explosives consist 
mainly of potassium perchlorate, with a little ammonium nitrate, a 
large amount of nitrocompounds and some wood meal, with or with- 
out nitroglycerine. The recovery of large quantities of potassium 
perchlorate from the so-called perchlorate mines* of the army stocks 
was necessary for their manufacture, 

7 Today their sale has ceased, the stocks of recovered perchlorate being 
exhausted and fresh perchlorate too high in price. — x\utbok. 

8 These mines contained a charge of explosive consisting of potassium 
perchlorate and nitrocompounds, from which the former could be recovered 
by leaching out with hot water. 
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Their action is also highly brisant and about equal to that of the 
best chlorate explosives. The potassium perchlorate gives off its 
oxygen less readily than the chlorate and therefore as a basis for 
explosives it is less sensitive to detonation than the latter. However, 
dry, powdery perchlorate mixtures are almost as sensitive to shock 
and friction as the chlorate explosives. On the other hand, good 
sensitiveness and propagation presupposes the use of high-nitrated 
nitrocompounds in perchlorate explosives, and here the nitroglycerine 
addition under certain conditions plays a more important part than 
in ammonium nitrate explosives- 

Two typical examples of these explosives, made by the Dynamit 
A.-G. and widely used, are shown in table 63, together with their 
explosive characteristics. 

The Prussian Police Regulation of January 25, 1923, regarding the 
simplification of explosives shows on the list of mining explosives 
under explosives for rock work the following types of perchlorate 
explosives under the name of "Perchloratites 



Perchloratit 1 

per cent 

Potassium perchlorate, of which up to 10 per cent of the total 
explosive may be replaced by ammonium nitrate and/ or 
potassium nitrate 60-75 

Vegetable meals 1- 5 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
phenylamine 20-30 

Nitroglycerine (ungelatinized) 3-6 



Perchloratil S 

per cent 

Potassium perchlorate, of which up to 10 per cent of the total 
explosive may be replaced by ammonium nitrate and/ or po- 
tassium nitrate , 62-75 

Vegetable meal and/ or solid hydrocarbon 1- 8 

Nitroderivatives of toluene and/ or naphthaline and/ or di- 
phenylamiae, of which up to 4 per cent of the total explo- 
sive may be replaced by nitrocellulose . 20-30 

Perchloratit S 

per cent 

Potassium and/ or ammonium perchlorate , > 30-40 

Ammonium nitrate, of which an equivalent quantity must be 
replaced by potassium nitrate when ammonium perchlorate 

present 35-45 
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Nitroderivatives of toluene and/ or naphthaline and/ or tfi- 
phenylamine, of which up to 4 per cent of the total explosive 
maybe replaced by nitrocellulose 15-20 

Vegetable meal and/ or solid hydrocarbon 3-8 

PERMISSIBLE EXPLOSIVES HAVING A LOW NITROGLYCERINE CONTENT 

Permissible ammonium nitrate explosives vnih 4 per cent nitroglycerine 

Permissible chlorate and perchloratc explosives with low nitroglyc- 
erine contents have been described briefly under "Gesteins-spreng- 
stoffe." Since they were mainly used during the war in Germany and 
attained no great importance they need no further description. 

On the other hand the permissible ammonium nitrate explosives, 
which almost exclusively took care of coal mining during the war 
years when nitroglycerine was reserved for military purposes, and 
which even today are used mainly in getting out coal, are of the great- 
est importance, the gelatinous permissibks similar to dynamite being 
used for work in the accompanying rock. 

The present severe test conditions for permissible explosives have 
led to a great diminution of brisance as compared to the older repre- 
sentatives, which fact at the same time gives a particular importance 
to ensuring sensitiveness and propagation. 

In Germany this is accomplished by the addition of nitroglycerine, 
which in Prussia is made obligatory to the extent of 4 per cent by 
Section 16 of the Police Regulations of January 26, 1923, while in 
other countries, as in France, less value is apparently placed upon this 
factor- For example, France permits for work in coal beds, in 
addition to ammonium nitrate explosives containing nitroglycerine, 
Grisou-Dynamite-couche, containing : 

per cent per cent 

Nitroglycerine 12.0 12.0 

Collodion cotton 0.5 0.5 

AmmoDium nitrate 87.5 82 5 

Potassium nitrate — 5.0 

also the nitroglycerine-free ammonium nitrate explosive called 
"Grisou-Naphtalite-couche" containing : 



percent percent 

Trinitronaphtbatine - 5.0 5.0 

Ammonium nitrate 95.0 90.0 

Potassium nitrate — 5.0 



EXPLOSIVES WITH LOW NITROGLYCERINE CONTENT 433 



id "Grisoutolite-couche" containing: 

. . per cent 

Trinitrotoluene ft. 5 

Potassium nitrate — , , t 5.0 

Ammonium nitrate 88 . 5 

Since even a slight absorption of moisture can affect the sensitive- 
ness of such mixtures considerably, and in view of the great hygro- 
scopicity of ammonium nitrate they are not regarded as permissible 
under German conditions, 

'Hie same thing applies, for example, to the French permissible 
explosive for accompanying rock work, called "Grisou-Naphtalite- 
roche," which has the following composition: 

percent percent 

Dinitronaphthaline 8.5 8.5 

Ammonium nitrate 91 . 5 86 . 5 

Potassium nitrate — 5,0 

The English Permitted List contains a number of nitroglycerine- 
free permissible ammonium nitrate explosives, 9 but according to 

reports permissible explosives containing nitroglycerine are used 
almost exclusively. 

The permissible ammonium nitrate explosives can be divided into 
two main classes, namely, those in which the average ammonium 
nitrate content of about 55 to 75 per cent has an available oxygen 
wholly or mostly used to oxidize the carbonaceous ingredientssuch as 
nitrocompounds and meal, and in which the heat of explosion and 
brisance are reduced by certain materials such as chlorides, and those 
having a high ammonium nitrate content of 75 to 80 per cent or more, 
whose low heat of explosion and brisance depend upon a very incom- 
plete utilization of the oxygen of the ammonium nitrate in the 
presence of very small contents of carbonaceous ingredients. The 
latter type enjoy the greatest popularity today and are the most 
widely manufactured. 

To the first class belong the older Wetter-Astralites, Ammon- 
Nobelites, Ammon-Carbonites, Kohlen-Westfalites, Detonites, 
Prosperites and the new Wetter-Lignosites and Wetter-Ammoncahu- 
cites. Examples are given in table 64. Of these explosives the 

* Kast, Sprenp- und ZUndstofe, p. 339. 
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Detonit V was used especially as a war explosive, since it required 
the release of no aromatic nitrocompounds. During that period 
it was used largely in getting out coal. Two English permissible 
explosives which belong to the same class 10 arc given in table 65. 



TABLE 64 

Composition of explosives with a low ammonium nitrate content 





NOBEUT A 


CARBONIT IE 


DJSTONIT V 


ritOKPEBlT 
V 




per cent 


per cent 


per cent 


per cent 


Ammonium nitrate 




56.4 


66.0 




61.0 


60.0 




3 0 


7.0 


5.0 




7 5 


4.0 


2.0 


4.0 




3.0 


5.0 












4.0 






10 






6.0 




20 5 


22.6 


22.0 


21.0 




4.0 


5.0 


4.0 


4.0 




=h0.0 
215 0 cc. 


-1 10 .0 
210.0 cc. 


-4.8 
220.0 cc. 


+2.7 
235.0 cc. 



TABLE 55 

Composition of two English permissible explosives 





BUPER- 
EXCELUTK 2 


MKLL1NO 
POWDBU 




per cent 

48.0-51.0 
19.0-21.0 


percent 

51.0-55.0 






11.0-13.0 
18.0-20.0 




14 0-16.0 
4.0- 6.0 








3.0- 5 0 
5 0- 7.0 
4.0- 6.0 
2* 






Nitroglycerine 


4 0- 6 .0 
1.5 



* The moisture is the water of crystallization of the ammonium oxalate. 



A large number of ammonium nitrate explosives with a high 
ammonium nitrate content and 4 per cent nitroglycerine have be- 



Kast, Spreng- unci Zundstojfe, p. 338-9. 
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come known. Ammoncarbonit is the oldest representative of this 
class, and has the composition: 82 per cent ammonium nitrate, 10 



TABLE M 

Composition of explosives with a high ammonium nitrate content 





AM MON- 


KOHLBN- 


KOHLBN- 




TH} BE LIT 


VB8TPALIT 1 


"WBSTFALIT IT 




per cent 


per cent 


percent 




78.0 


83.0 


73.0 


Potassium nitrate 


5 0 


70 


2.8 


Barium nitrate 




2.0 






8.0 




15.0 


Meal 


5.0 


2.0 


1.0 






2.0 










5.0 


Nitroglycerine 


4.0 


4.0 


3 2 




+11 8 


+ 16.4 


+ 8.8 




200.0 cc. 


230.0 cc. 


200.0 cc. 



TABLE 57 

Explosives used during and after the World War 





DETONIT 


DETONIT 


KOKU3N- 




VI OR Ha 


XIV 


W E3TF AUT V 




per cent 


percent 


per Gent 


Ammonium nitrate 


82.0 


82.0 


83.0 


Potassium nitrate 




10.0 


8.0 


Barium nitrate 






2.0 




10 5 








2.0 


1.5 


1.5* 




0.5 












1.5 




1.0 


2.5 






4.0 


4.0 


4.0 




+ 10.9 


+13* 


+ 13.5 




230 0 cc. 


235.0 cc. 


230.0 cc. 



* Potato meal. 



per cent potassium nitrate, 4 per cent meal, 3.8 per cent nitroglycerine 
and 0.2 per cent collodion cotton. It has a lead block expansion of 
about 200 cc, a velocity of detonation of 3100 m/s., a heat of explo- 



Permissible 



TABLE BS 

ammonium nitrate explosives in Prussian mining sijice 

January 1 7 1924 



NAME 



Wetter- 
Detonit 
A 



Wetter- 
Detonit 
B 



Wetter- 
Donarit 
A 



Wetter- 
Donarit 
B 



CHB11ICAL COMPOSITION 



jkt cent 

82.00 NH*N0 3 
1.00 N. napthaline 
2.00 Wood meal 
0.60 Coal powder 
4.00 Gelatinized nitro 
glycerine 

10 .50 KCI 



company aku plant 



100. 



81.00 NH«NOi 
8.00 Ba(NO,) a 
2.00 Trinitrotoluene 
1.00 Wood meal 
4.00 Nitroglycerine 
4.00 KC1 



II 



82.00 NH*NOj 
1.00 Nitronaptbaline 
2 00 Wood meal 
0.50 Coal powder 
4.00 Gelatinized nitro- 
glycerine 

10.50 KCi 



100.00 



81.00 NH^NOs 

8.00 Ba(N0 3 )* 

2.00 Trinitrotoluene 

1 . 00 Wood meal 

4.00 Nitroglycerine 
4 00 KCI 



100.00 



L Dyn. A.-G. vorm. 

Alfred Nobel A 
Co., Hamburg, 
Schlebusch Plant 

2. Westdeutsche 

Sprengstoff A.- 
G. Dortmund, 
Rummenohi 
Plant 

3. Deutsche Spreng- 

Btoff-A.-G. Ham- 
burg, Walin 
Plant 

1. Dynamit A.-G. 

vorm- Alfred No- 
bel & Co. Ham- 
burg, Schlebusch 
Plant 

2. C&rbonit A.-G. 

Hamburg, Schle- 
busch Plant 

Carbonit A.-G. 
Hamburg, Schle- 
busch Plant 



MAXIMUM 



In 



800 



Same 



800 



800 



In 
coal 
durt 



grama 

800 



800 



81 



800 



800 



800 



800 



81 



800 



800 



81 



s 

Z 



NATO 



8 



Wetter- 
Fordit 
A 



Wetter- 
Dah- 
menit A 



Wcttcr- 
Sonnit 
A 



Wetter- 
West- 
falit A 



Wetter- 
West- 
falit B 



Wetter- 
West- 
faiit C 



table ^-Continued 



AIL COMPOSITION 



per ceni 

75.00 NH 4 NO, 
2 . 00 Wood meal 
0.75 Coal 
4.00 Nitroglycerine 

18.25 KCI 



100.00 

81.00 NH^O, 
8.00 Ba(N0 3 ) a 
2.00 Trinitrotoluene 
1 .00 Wood meal 

4.00 Nitroglycerine 
4 .00 KCI 



100.00 

81.00 NEUNOa 
8.00 Ba(N0 3 ), 
2.00 
1.00 Wood meal 
4.00 Nitroglycer 
4 .00 KCI 



100.00 

84.00 NH+PsOj 
2.40 Ba(NO,) 2 
1 60 Naphthaline 
4.00 Nitroglycerine 
8 .00 KCI 



100.00 



82.00 NBUNO* 
1.50 Wood meal 
1.50 Coal 

4.00 Nitroglycerine 
11.00 KCI 



100.00 



80.00 NH«N0 3 
4.00 KNOj 
2.00 Ba(N0 3 )i 
2 .00 Wood meal 



COMPACT AND PLANT 



Aktierigesellsehaft 
Siegener Dy- 
namit-Fabrik, 
Koln, Fdrde 
Plant 



Westdeutsche 
Sprengstoff- 
werke A.-G., 
Dortmund ; 
Rummenohi 
Plant 



Deutsche Spreng- 
Btoff A.-G., 
Hamburg, Wahn 
Plant 



Westfalisch-Anhal- 
tische Spreng- 
stoff-A.-G., Ber- 
lin, a) Sythen 
Plant, b) Reins- 
dorf Plant 

Same 



Same 



CHARGE 



In 

gas 



800 



800 



In 
coal 
duat 



800 



800 



800 



800 



800 



800 



800 



800 



800 800 
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TABLE OS-Concluded 



10 



11 



Wetter- 
WeBt- 
f alit C 



Wetter- 
Lignosit| 
A 



Wetter- 
Lignosit 
B 



Wetter- 
Amnion- 
cahiicit 
A 



Wetter- 
Ammon- 
cahiicit 
B 



CHEMICAL CO M POBITIO N 



COMPACT AND PI-ANT 



per cent 

3.00 Desensitized tri- 
nitrotoluene 

4.00 Nitroglycerine 
5.00 KC1 



100.00 



62.00 NH«NO s 
5.00 KNOs 
6.30 Trinitrotoluene 
0.70 Dinitrotoluene 
4.00 Wood meal 
4.00 Nitroglycerine 

18.00 Common salt 



1 



61.50 NH<NO* 

3 00 Ba(NOa) a 

5.00 Dinitrotoluene 

4.00 Wood meal 

4.00 Gelatinized nitro 
glycerine 
22.50 Common salt 



1* Aktien-Gesell- 
sch&ft Lignose, 
Berlin, Kruppa- 
muhle Plant. 

2. Westlignose A.-G. 
Berlin, Ntiasau 
Plant 



100.00 

64 70 NH 4 NOj 

8.0 Trinitrotoluene 

2.00 Coal 

1.30 Wood meal 

4. 00 Gelatinized nitro- 
glycerine 
20.00 Common salt 



Westlignose A.-G. 
Berlin, Nussau 
Plant 



MAK1MUU 
CBABOB 



In 
gas 



grams 



800 



8( 



100.00 



67.00 KH 4 X0 3 
6.00 Dinitrotoluene 
1 . 50 Wood meal 
1.50 Coal 

4.00 Gelatinized nitro 
glycerino 
20.00 Common salt 



Deutsche Cahucit- 
werke A--G-, 
Gnaschwitz, 
Gnaschwitz 
Plant 



In 

coal 

duBt 



gram* 



800 



800 



800 



1. 



100.00 



Deutsche Cahiicit 
werke A.-G., 
Gnaschwitz, 
Gnaschwitz 
Plant 



700 



m. 
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TABLE 09 

Explosive characteristics of ammonium nitrate explosives 



Oxygen balance 

I-ead Mock expansion 

Lead block crushing 

Sensitiveness 

Propagation in 30 mm. cartridges 

Velocity of detonation 

Density of cartridge 

Heat of explosion 

Temperature of explosion 

Safety in fire damp* 

Safety in coal dust* 



WETTER-DETONIT A 
W ETTEH- tK>N A KIT A 


WBTTKR-DETONIT B 
W ETTK R-DONARIT B 
TF al 1 ±sH" 
DA HM KNIT A 
WBTTKR-SDNNIT A 




+ 10. 1% 


230 0 cc. 


220,0 cc. 


8.5 mm. 


8.3 mm. 


No. 3 Cap 


No. 3 Cap 


4.0 cm. 


4.0 cm. 


3600.0 m/s 


3650 0 m/a 


1.04 


1.06 


548.0 Cal. 


462 .0 CaL 


1520°C. 


1388 °C. 


600.0 grama 


550.0 grams 


600 0 grams 


600.0 grama 



* According to results at the Derne Testing Station. 



TARLE 70 

Fre?ich, Belgian and English explosives 



Ammonium nitrate 

Nitroglycerine 

Nitrocellulose 

Rosin 




GBISOUTINE B 

per ct iti 
94. 0 

5.9 
0.1 



Ammonium nitrate.. 

Sodium nitrate 

Potassium nitrate. . . 
Ammonium oxalate. 
Ammonium chloride 
Ammonium sulphate 

13arium sulphate 

Meal 

Dextrine-starch 

N itroglyeerinc 



FLAMMIVORK 



per cent 

82.0 

10.0 



pjr cent 

72.0 



FRAC- 
TORITE 



9.0 
7.0 

1.0 

6.0 
4.0 ] 6.0 



per cent 

75.0 
10.0 



BUPKR 



7.0 



4.0 



percent 

73.5-77.0 

6.5- 8.0 
9.0-11.0 



BUPBRITH 



per cent 

80.0-84.0 
9.0-11.0 



2.0- 4.0 



4.0 3.5- 5.0 



2.0- 5.0 
3.5- 4.5 
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sion of 609 Calories, and a temperature of explosion of 1648°C. 11 
Ammon-Nobelit and the Koh Ienwestf alites I and IV appeared at 
about the same time. 12 

During, and some years after the World War the explosives shown 
in table 67 were used to a great extent . It is the custom to wrap these 
explosives in a double shell and immerse in paraffine. Before using, 
the external, paraffined shell is removed. They are also tested at the 
testing station after removal of the external wrapper, and contained 
in only the usual paper shell. This is because the high oxygen excess 
of these mixtures takes part in the combustion of the paraffine, and 
with a simple paraffined shell the temperatures of explosion are 
raised and the permissibility reduced. This action has actually been 
observed. 

In recent times it has also been shown that explosives like Detonit 
XIV are not sufficiently safe in coal dust on account of their rather 
high potassium nitrate content. For this reason the quantity of this 
substance has been reduced or other salts substituted. 

From January 1, 1924, on, there may be used in Prussian mining 
only the following permissible ammonium nitrate explosives with 4 
per cent nitroglycerine which are found on the first list of mining 
explosives. 15 Of these the first ten belong to the last-mentioned 
type with a high ammonium nitrate content and a high oxygen excess, 
and the last four to the type having a moderate ammonium nitrate 
content and a large alkali chloride content. (See table 68.) 

The explosive characteristics of Wetter-Detonit A and B, Wetter- 
Donarit A and B, Wetter-Dahmenit A and Wetter-Sonnit A are as 
shown in table 69. The French permissible explosives Grisoutine 
A and B, not used at present, belong to this class or type, also the 
Belgian Flammivore and Fractoritc, as well as the English Super 
Excellite and Superite. (See table 70.) 

So-called semi-plastic permissible ammonium nitrate explosives with 

10 to IS per cent nitroglycerine 

A new type of permissible ammonium nitrate explosives with a low 
nitroglycerine content, the so-called semi-plastic or semi-gelatinous 

11 JBichel, GUckauf (1904), p. 1043. 

» Kaat, Sprang- und Zundstoffe, p. 332. 

11 Carl Heymanns Verlag, see also Deuiscker Reichsanzeiger and Preussischer 
Staatsameiger, 1923, No. 41, Suppl. 2. 
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permissibles, appeared about 1910 in the form of the Gelatine- 
Carbonites, Neu-Nobelites, Kohlen-Salites, etc. 

These explosives are in a certain sense ammonium nitrate explo- 
sives, but on the other hand cannot be compared with the gelatinous 



TABLE 71 

Compositions of explosives used before the World War 





KCU-KOBElxr 
0 


QEIiATllTE- 

CAJtBONrr 
III 


KOBUtN- 
SALIf 




p*r eeni 


par Cent 


per cent 




12.0 


10. 1 


12.5 




4.0 


5.0 




Meal 


6.0 


4.0 


2.5 


Nitrocompounds 






7.0 




60.0 
3.0 


46.4 

7.0 


41.0 




20.6 


27.5 


37.0 


Talc 


5.0 
















-0.6% 
220.0 cc. 


+2.2% 
200.0 cc. 


-2.6% 
190.0 cc. 





TABLE 72 

Compositions of explosives used during <md after the World War 



Gelatinized nitroglycerine 

Wood meal and coal 

Nitrocompounds 

Ammonium nitrate 

Alk&li chloride 

Oxygen balance 

Expansion 



NIC U-NDBELl T 



XV 


XVI 


jwr cent 


jmt cent 


12.0 


12.0 


4.0 


3.0 


2.0 


3.0 


54.0 


54.0 


28.0 


28.0 


+0. 6% 


+2.9% 


225.0 cc. 


225 . 0 ec. 



mixtures. They usually contain 10 to 12 per cent nitroglycerine, 
which is added as a liquid to the mixed absorbents containing some 
collodion cotton in the mixer. The process of manufacture is just 
the same as that of the ammonium nitrate explosives. They have 



TABLE 73 

Permissible explosives from the Prussian mining list of January, 19X4 











ISAXTMIJM 
CHARQB 


3 


NAME 


CH E VUC A L CO MP 08 tT 1 ON 


FIRM AND PLANT 


Tn 
fire 
damp 


In 
coal 
dost 


15 


Wetter- 
Aetralit 
A 


percent 

12.0 Gelatinized nitro- 
glycerine 
57.0 Ammonium nitrate 

2 . 0 Wood meal 

2.0 Coal powder 
27 0 Common Bait 

100.0 


Dynamit A.-G, 
vorm, A. Nobel 
& Co., Hamburg, 
iSchlehusch 
Plant 


800 


800 


16 


Wetter- 
Sigrit 
A 


12.0 Gelatinized nitro- 
glycerine 
57.0 Ammonium nitrate 

2.0 Wood meal 

2.0 Coal powder 
27.0 KC1 

100.0 


A.-G. Siegener Dy- 
namit fabrik, 
Koln, Forde 
Plant 


800 


800 


17 


Wetter- 
Salit A 


12.0 Gelatinized nitro- 
glycerine 
55.0 Ammonium nitrate 

3,0 Coal 

2 .0 Wood meal 
28.0 KC1 

100.0 


WeBtfalisch-Anhal- 
tische spreng- 
BtofT-A--G. T Ber- 
lin, (a) Sythen 
Plant, (b) ReinB- 
dorf Plant 


700 


800 


18 


Wetter- 
Bal- 
durit A 


12,0 Gelatinized nitro- 
glycerine 
50.0 Ammonium nitrate 

2.0 Dinitrotoluene 

2.0 Wood meal 

0.5 Coal powder 
33.5 Common Bait 

100.0 


Westlignose A.-G., 
Berlin, Nussau 
Plant 




800 


19 


Wetter- 
Bavarit 
A 


12.0 Gelatinized nitro- 
glycerine 
55.0 Ammonium nitrate 

3.0 Dinitrotoluene 

1.0 Coal 

1.0 Wood meal 
28.0 Common salt 

100 0 


1, Bayrische Spreng- 

stoffwerke und 
Chemische Fab- 

riken A.-G-, 
Nurnberg, Fveu- 
markt Plant 

2. Deutsche Cahucit- 

werke A.-G., 
Gnaschwitz, 
Gnaschwitz 
Plant 


800 


800 
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TABLE ft— Concluded 



S 


NAMB 


CHEMICAL COMPOSITION 


FIRM AND PLANT 


MAXIMUM 

CAAEGE 


In 
fire 
damp 


In 

coal 
duet 


20 


Wetter- 
Bavarit 
B 


per cent 

12.0 Gelatinized nitro- 
glycerine 

56.0 Ammonium nitrate 
2.0 trinitrotoluene 
2.0 Dinitrotoluene 

28.0 Common salt 

100.0 


1. Bayrische Spreng- 

stoffwerke und 
Chemische Fab- 
nken A.-G., 
Gna bc h wi t z, Ne u- 
markt Plant 

2. Deutsche Cahticit- 

werke A.-G., 
Gnaschwitz, 
Gnaschwitz 
Plant 


grams 

800 


800 



the form of a relatively heavy, moist powder, which is cartridged 
with the same machines as guhr dynamite. The nitroglycerine is 
present in the form of a liquid or slightly gelatinized state, but it has 
no particular tendency to exude. Paraffined paper is used for the 
cartridge shells, just as with gelatine dynamite, because the nitro- 
glycerine would soak through ordinary paper. On the other hand, 
individual dipping of the cartridges in ceresine, 14 as is done with other 
ammonium nitrate explosives containing 4 per cent nitroglycerine, is 
not necessary, since the hygroscopic ammonium nitrate is better 
protected against absorption of moisture by the relatively greater 
saturation with nitroglycerine than when in the dry, powdery mix- 
tures, and moreover the higher nitroglycerine content makes the 
sensitiveness higher and propagation more certain. Often the so- 
called bag packing is used, i.e., two paper bags, each containing 125 
kg., are each dipped into paraffin, put into the usual 2.5 kg. 
carton, and this again dipped. 

These explosives are not regarded as safe to handle, and do not 
enjoy the less severe transportation requirements of the ammonium 
nitrate explosives containing 4 per cent nitroglycerine. 

14 In many European plants cartridges are dipped in paraffine wax one by 
one, and allowed to cool. In the United States this is done mechanically. 
— Translator. 
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lit 



They were used in German mines in varying amounts, especially in 
the period of glycerine scarcity during the war and in the years follow- 
ing. However, for work in accompanying rock the stronger gelat- 
inous permissibles with 25 to 30 per cent nitroglycerine are preferred 
in view of the small difference in price. 



TABLE 74 

Explosive characteristics of Prussian permissible explosives 

WBTTWt-AanUilT A 



Oxygen balance 

Lead block expanBion 

Lead block crushing 

Sensitiveness 

Propagation with 30 mm. cartridges 

Velocity of detonation 

Density of cartridge 

Heat of explosion 

Temperature of explosion 

Safety in fire damp* 

Safety in coal dust* 




+2.8% 
225.0 cc. 
13.0 mm. 
No. 1 Cap 
25,0 cm. 
4600 .0 m/s 
1.20 
643.0 Cal. 
1828 D C. 
650.0 grams 
700.0 grams 



+4.1% 
210.0 ce. 
10 .0 mm. 
No. 1 Cap 
25.0 cm. 
3800.0 m/s 
1.21 
601.0 Cal. 
1738°C. 
600 .0 grams 
700.0 grams 



Results of testB at the Derne Testing Statl 



TABLE 75 

English permissible explosives 



Nitroglycerine 

Ammonium nitrate 

Sodium nitrate 

Common salt 

Ammonium oxalate. 

Wood meal, dried at 100°C 

Cereal meal, dried at 100°C 

Magnesium carbonate 

Moisture 



SUPER 
BXCSLUTE * 



8.5-10.5 
62.0-65. 



4.5- 6.5 

0- 1.5 
0- 2.0J 



HO HARK HZ 

2 



9.0-11.0 
0151 . 0-54. 
5.0- 7.0 
18.5-20.5121.0-23.0 



0 58 



6.5- 8.5 
0- 1.5 
0- 2.0 



POWDER 



11.0-13.0 
.0-61.0 



18.5-20.5 



7.0- 8 6 



0- 2.5 



BT OUIOH1 L 

2 



9.0-11.0 
59.5-62.5 

16.0-18.0 
5.0- 7.0 
5.0- 7.0 



0-2.0 



In France this type is permitted for work in coal seams, and in 
England also they are used to a great extent in coal. Typical com- 
positions from the period before the war are shown in table 71. The 
composition given in table 72 was widely used during and after the 
war. 
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On the first Prussian Mining List of January 1, 1924, only the six 
representatives of this type shown in table 73 were allowed in Prussian 
mining. The explosive characteristics can be seen from the examples 
in table 74. 

In France the following explosives are permitted for work in coal 
seams under the designation of Grisou-Dynamite-couche : 

per cent per cent 

Nitroglycerine 12.0 12.0 

Collodion cotton 0.5 0.5 

Ammonium nitrate 87 . 5 82 . 5 

PotaBBium nitrate — 5.0 

New English representatives of this type which were added to the 
Permitted List of Explosives in 1920 are shown in table 75. 



CHAPTER XXV 



Nitroglycerine Smokeless Powder and Semi-finished Smoke- 
less Powder as Explosives 

extraction of nitroglycerine powder 

At the close of the war there were several thousand tons of smoke- 
less powder left on hand,for which the most rapid possible, economical 
utilization had to be found, or the treaty of peace would have pre- 
scribed their destruction. 

While pure nitrocellulose powder lends itself to various commercial 
uses, e.g., the manufacture of lacquers and artificial silk in consider- 
able quantities, such a method of utilization of nitroglycerine powder 
could not be considered on account of the physical and physiological 
properties of the nitroglycerine, together with the danger and in- 
convenience. 

Commercial application and utilization of this material, which 
represented considerable commercial value, proved to be possible in 
two ways, one through the recovery of the valuable nitroglycerine 
with destruction or other use of the nitrocellulose residue, the other 
by the conversion of the nitroglycerine powder into a brisant blasting 
explosive. 

Moreover, the ungelatinized smokeless powder nitrocotton con- 
taining nitroglycerine was reworked into an explosive and thus 
utilized economically. 

The powder stocks on hand were worked over by the explosives 
manufacturers in one way or another, depending upon the form and 
composition of the powders, since they were the only ones having the 
facilities to do this. 

recovery of nitroglycerine from nitroglycerine powder 

Such powders as those having a high nitroglycerine content and 
small amounts of added materials soluble in the same solvents as 
nitroglycerine, such as stabilizers, gelatinizing agents like vaseline, 
centralitee, and substituted urcthanes, were primarily suited for 
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extraction. Also powders were extracted which on account of being 
in the form of thin plates, etc, were little suited for reworking into 
brisant explosives by grinding. 

Only powders containing about 40 per cent nitroglycerine were 
subjected to extraction. This was done in copper apparatus con- 
structed on the Soxhlet principle with low-boiling solvents which 
dissolved nitroglycerine easily but not nitrocellulose. Complete 
extraction required various times, depending upon the density of the 
powder aggregate, and the nitrocellulose was extracted down to a 
nitroglycerine content of 0.5 to 1 per cent. 

The distilling flask was placed in a water-bath heated to the re- 
quired temperature by steam. The extracted powder remaining in 
the receiver was finally freed from solvent by a current of steam, in 
order to recover the latter as completely as possible. 

The Dynamit A.-G. used as the solvent dichlorocthylene, 1 CHC1: 
CHC1, boiling at 55°C, which had the advantage of being incombus- 
tible. In this way the use of combustible solvents, such as ether, 
with their attendant fire risk, was avoided. 

The water bath must have a temperature of about 70°C. in order 
to maintain the solvent in vigorous ebullition. The nitroglycerine 
which collects in the still is finally freed by an air current at 60 to 
70°C. from the remainder of the solvent which will not pass over 
otherwise, drawn off into hard rubber or aluminium cans and given 
a warm water washing in the wash house of the nitroglycerine plant, 
and can then be worked up into explosives just like freshly made 
nitroglycerine. 

Charges of 300 to 400 kg. (660 to 880 pounds) of powder were 
extracted in this way, giving 120 to 160 kg. (264 to 352 pounds) of 
nitroglycerine per operation. 

In view of the high cost of the volatile solvent the process naturally 
can only be economical when using great care in solvent recovery and 
reducing the unavoidable loss to a minimum. 

The Westfalisch-Anhaltische Sprengstoff-A.-G. used for the same 
purpose the lower-boiling ether (boiling point 35°C). A layer of 
water was put into the still, so that the renuxing ether containing 
nitroglycerine distilled off from the surface of the water and the 
heavier nitroglycerine sank to the bottom and was drawn off con- 

1 Obtained from the Dr. Alexander Wacker-Gesellseliaf t, Miinchen. 
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tinuously or intermittently. 8 This avoided a long continuing collec- 
tion of hot nitroglycerine in the still- 
However, since a solution of nitroglycerine in equal quantities of 
ether is heavier than water, the nitroglycerine collecting on the 
bottom may still contain considerable ether, so that an additional 
washing with hot water and compressed air, with consequent absorb- 
tion of the ether vapors, was necessary. 

According to German patent 337382 of the Westfalisch-Anhalt- 
ische Sprengstoff-A.-G. December 6, 1918, the nitroglycerine powder 
is partially saponified by hot, dilute acid solutions with recovery of 
unchanged nitrocellulose and formation of a solution of glycerine and 
acids. However, this method of utilization was never adopted on 
any considerable scale. In any case, by far the greater proportion 
of the powder was shot as explosives, as described below. 

NITROGLYCERINE POWDER AS AN EXPLOSIVE 

The horn-like aggregates of nitroglycerine powders have a lower 
sensitiveness to detonation the greater their size. On the other hand 
fine flake powder with a flake diameter of 0.5 to 1 mm., or cube 
powder 1 to 2 mm. on an edge, is readily detonated by a strong cap 
when confined in a borehole, can be packed in cartridges, and used 
directly as a brisant explosive in mining. Large aggregates must 
first be broken up. 

According to German patent 337461 (1919) to the Zentralstelle 
fiir wissentschaftlich-technische Untersuchungen, Neubabelsberg, the 
nitroglycerine powder is first swelled by furfurol in aqueous solution 
or emulsion and then worked up in a mixing machine with other 
explosive ingredients to make an explosive. According to German 
patent 337495 (1919) to the Koln-Rottweil A.-G., Berlin, the same 
method is used with the addition of mononitrocompounds. Both 
processes have proved difficult and disadvantageous from an explo- 
sives point of view, so that soon the various kinds of flake powder 
and tube powder were ground up to such a size that they could be 
used directly as explosives. According to German patent 332284 
(1919) to the Westfalisch-Anhaltische Sprengstoff- A -G . the powder 
is first softened by an aqueous solution of a volatile solvent, e.g., 50 
per cent acetone solution, and then kneaded in a mixer with the 

» German patent 337383 (1920) to Westfalisch-Anhaltische Sprengstoff-A.-G. 
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gradual addition of five to ten times its weight of water, which 
breaks it down to a granular paste. However, it has been found 
more economical and simpler to crush the nitroglycerine powder in 
rolls or edge runners to thin plates and then reduce this brittle form 
further. The product obtained then gives a lead bloek expansion of 
330 to 350 cc, and has been used mainly in the potash mines under 
the name of Tri-Westfalit SN. 

The plants of the Nobel Company have ground the different kinds 
of nitroglycerine powder in Excelsior Mills between steel discs, with 
an abundant flow of water, to a partiele size of 0.5 to 2 mm., dried it 
and sold it under the name of "Energit" packed in cartridges 25 to 30 
mm. diameter. 

There is no difference in the action of these two kinds of powders. 
Brisance and apparent strength arc dependent on the one hand upon 
the fineness, and on the other hand upon the nitroglycerine content. 
The gases of explosion naturally contain considerable quantities of 
carbon monoxide, so that their use is only possible in well ventilated 
places. Potash mining has consumed the largest quantities. "When 
unconfined Encrgit and Tri-Westfalit do not propagate detonation, 
but on the other hand when well confined they attain a velocity of 
detonation of 3000 to 5000 meters per second. The mining authori- 
ties prescribe the use of the strongest blasting cap to ensure detona- 
tion. When well confined, fuse alone causes explosion. 

On the other hand the so-called combined shooting has been found 
advantageous. This consists in placing one or two cartridges of 
black blasting powder upon the charge of Encrgit, the former being 
ignited by a fuse, and in turn detonating the latter. 

In the first Mining List of February 1, 1923 3 for Prussian Mining 
these explosives are shown among explosives for use in rock as No. 33 
"Nitroglycerine Powder" with the following definition: 



per cent 

Nitroglycerine 30-40 

Nitrocellulose 60-70 

Nitroderivatives of toluene and/ or naphthaline 0-5 

Paraffine and/ or ure thane and/ or carbamid and/ nr dicyan- 
diamid 0-10 



3 Reichsanaeiger, 1923, No. 41, Appendix 2. 
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According to a recent decision of the Prussian Mine Safety Com- 
mission No. 33 is striken from the Mining List and the following 
allowed instead and recommended to the Chief Mining Councils: 4 

No. 85. Nitroglycerine powder 1 

per cent 

Nitroglycerine powder 94-96 

50 per cent calcium nitrate Bolution 6-4 

No. 36. Nitroglycerine powder S 

per cent 

Nitroglycerine powder 97-99 

Substituted urethaneB . . 3- 1 

After the New Regulation of Explosives in Prussia came into effect 
on January 1, 1924, No. 35 appeared in place of Energit and No. 36 
in place of Tri-Westfalit, 

The addition of the calcium nitrate solution to Nitroglycerine 
Powder 1 serves to desensitize it. The sensitiveness to shock and 
friction of the finery ground nitroglycerine powders, which can lead 
to premature ignitions on rough handling, are considerably reduced 
by the moistening by the difficultly vaporizablc solution of hygro- 
scopic calcium nitrate, and at the same time any too fine particles 
present arc fixed. In order to prevent evaporation of the solution 
the cartridges arc dipped in parafhne. 

Transportation of these explosives is permitted as freight in un- 
limited quantities on German Railroads as propellants of Group 1, 
provided that the requirements of the propellants in question arc 
met. 6 



SEMI- FINISHED SMOKELESS POWDER AS AN EXPLOSIVE 

In the last few years the not inconsiderable supplies of smokeless 
powder nitrocotton containing nitroglycerine which were still on 
hand, have been used as explosives. 

For reasons of safety in handling, a portion of the water content 
is left in the moist mass, and to obtain complete combustion and 
gases of explosion free from carbon monoxide about 25 parts of 
sodium nitrate or potassium perchlorate are added. The moist, 
flaky mass is packed by hand into cartridges which have a density of 

4 Reichsanzeiger, 1923, No. 289. 

* See German Railroad Regulations, Supplement C. I, la, B. Propellants. 
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about 1, and which are dipped into parafhne to prevent evaporation 
of the moisture. 

This explosive gives about 300 cc. expansion of the lead block, 12 
mm. crushing, and provided that the moisture content does not 
exceed certain limits has a satisfactory sensitiveness and propagation. 
Detonation can only be obtained by a strong blasting cap. Combina- 
tion shooting with black blasting powder and fuse is impossible, in 

contrast to smokeless powder explosives. 

Due to the moisture content it is very difficult to ignite and burn, 
and very insensitive to shock and friction, so that the German Rail- 
way Administration allows it in limited freight transportation in 
Group 2 under the name of "Pyrolit." According to the Reichs- 
gesetzblatt, No. 29, Part II, of August 13, 1923 the definition in 
question reads as follows : 

"Supplement C of the Railroad Regulations is changed as follows: 
"At the end of Group 2 the following new sub-group e is added: (e) Pyrolit, 
with appended numbers and/ or letters, Mixtures of smokeless powder raw 
materials with 5 to 12 per cent of its weight of gypsum and containing so much 
water that the finished explosive contains at least 18 per cent moisture, also 
with a maximum of 30 per cent sodium nitrate, which may be wholly or partly 
replaced by potassium perchlorate, also with a maximum of 15 per cent 
trinitrotoluene. " *' 1 

The gypsum content appears because 10 per cent gypsum was 
added to the material to render it unfit for military purposes. The 
gypsum remains in them unchanged on explosion, provided that the 
explosive is compounded on complete combustion. With an oxygen 
deficiency, on the other hand, the calcium sulphate is reduced to 
sulphide, which reacts with 'the water vapor to form gases of explosion 
containing hydrogen sulphide. 

At the time this was written the negotiations between the industry 
and authorities regarding the admission of the Pyrolites as mining 
explosives and the final decision as to composition, particularly as 
regards the minimum quantity of water, had not been concluded. 
To ensure a satisfactory propagation of detonation a reduction of the 
total water content to 15 per cent is desirable. 8 

8 The Pyrolites may until further notice be shipped in unlimited quantities 
as freight. 

7 See also Reichsanzeiger 1923, No. 289. First Supplement to the List of 

Mining Explosives, No. 34- -I'yrolit. 

8 In ni«. I ta»l nrftf.tir.p. this reduction has been made. 
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Chemical Analysis of Explosives Containing Nitroglycerins 

qualitative tests 

The test for and identification of nitroglycerine in guhr dynamites and 
explosives which contain no other important constituent which dissolves in 
the same solvents as nitroglycerine, is very simple. 

Some finely divided guhr dynamite or pulverent dynamite is digested 
with anhydrous ether, filtered, and the solution allowed to evaporate on a 
water bath or in a warm place. The remaining oil is very readily recognized 
as nitroglycerine by its sensitiveness to a blow by taking up a drop of it on a 
piece of filter paper, placing it on an anvil and striking it with a hammer or 
testing it in the falling weight machine. If a drop is added to a solution of 
potassium iodide-starch paste acidified with sulphuric acid, and some zinc 
shavings added, a blue color develops. 

If paraffine, Bulphur or resins are present in appreciable quantities they 
separate after driving off the ether. The nitroglycerine is allowed to drain 
well, pressed several times between filter papers, and then ib identified- Paraf- 
fme remains on treating with cold alcohol. Sulphur separates as crystals 
and may be recognized by its flame and odor on burning. Resins may be 
saponified by a solution of soda, and hydrochloric acid precipitates resime 

acids from the soap. 

The nitrogen determination in the Lunge nitrometer determines the homo- 
geneity and purity of the nitroglycerine. IE considerable quantities of aro- 
matic nitrocompounds are present, which form with the nitroglycerine a 
solution or a eutectb, low-melting mixture, the blow test can fail under 
certain conditions. In such a case tests are made, as above, for nitric esters, 
or the nitric oxide evolved is measured in the nitrometer.* The nitrocom- 
pounds are identified, if possible, by crystallization from alcohol and deter- 
mination of their melting points. If it is suspected that some dinitroglycerine, 
dinitrochlorohydrine or nitroglycol is present with the nitroglycerine, as for 
example in the non-freezing dynamites, the odor, volatility and solubility in 
water of the oily residue should be noted. If dinitroglycerine is present the 
oil separates on treatment with water. Dinitrochlorohydrine and nitroglycol 
have a somewhat peculiar odor and a characteristic volatility, which is ob- 
served on long continued heating of the oil to temperatures of 50 to 60°C 



1 See Guttmann, Industrie der Ezplosivstoffe, p. 489, 506; also Escales, 
Nitroglycerin und Dynamit, pp. 203, 255. 

3 Regarding the use of the nitrometer method on ether extracts see below 

under Quantitative Analysis. 
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In the case of dinitroglycerine and dinitrochlorohydrine determinations of 
nitrogen and chlorine will decide, Nitroglycol has about the same nitrogen 
content as nitroglycerine but differs in specific gravity, and can be readily 
distilled in vacuo at comparatively low temperatures from an oil bath. (See 
the corresponding chapter in Part II.) 

If it is a question of a gelatine dynamite or blasting gelatine, i.e-, if collo- 
dion cotton is present, the nitroglycerine can be isolated in two ways. The 
same thing also applies to other nitric esters. First the mass is cut by a horn 
spatula into small cubes or flakes, and digested with anhydrous ether, then 
proceeding as above. The collodion cotton remains with the dope. The 
other method is digestion with a little ether-alcohol (2:1), precipitation of 
the collodion cotton with an excess of chloroform, pressing it dry, drying and 
identifying by ignition, falling weight test, nitric acid reaction or nitro- 
gen determination by the Schulze-Tiemann method. The ether-alcohol- 
chloroform solution is evaporated and the oil residue tested as above. Any 
camphor present remains dissolved in the nitroglycerine and becomes notice- 
able by its odor. It can be extracted by carbon disulphide. 

The residue from extraction can contain kieselguhr, vegetable meals, 
charcoal and other coal, saltpeters, chlorates, perehlorates, chlorides and 
other salts, and perhaps nitrocellulose. The salts are identified by their 
known chemical reactions. The most common ones dissolve in cold or hot 
water, and from this solution the vegetable meals, coals and perhaps nitro- 
cellulose can be filtered off. The collodion cotton is extracted by ether-alcohol, 
and any possible gun cotton present after removal of the collodion cotton re- 
moved by treatment with ethyl acetate or acetone. The microscopic ex- 
amination of water-insoluble portions is usually sufficient to recognize the 
different constituents. After reducing the organic components to ash there 
finally remain the mineral constituents insoluble in water, such as kieselguhr, 
chalk, barium sulphate, magnesia, talc, caput mortuum, etc. 

QUANTITATIVE ANALYSIS 

Quantitative analysis is preferably preceded by a determination of moisture. 
Since at higher temperatures there is a certain amount of volatilization of 
nitroglycerine and perhaps other constituents such as aromatic nitrocom- 
pounds, the determination is best done in a desiccator. If the explosive is a 
loose powder it is spread out in a thin layer, if a gelatine it is cut into small 
pieces on a glass dish and allowed to stand in a desieeator over fresh calcium 
chloride until constant weight is obtained, which may require twenty-four 
hours or under certain conditions more- Desiccators containing sulphuric 
acid are not recommended on account of the danger of spilling the explosive 
into it. This is especially true in the case of explosives containing chlorates. 

Explosives containing a normal, low moisture can be subjected to extraction 
directly and the determination of the moisture content made on another sam- 
ple simultaneously. Unless this is done a portion of the material dried in the 

desiccator is weighed out for analysis, 

Usually the first step in analysis in the explosives plant is extraction of the 
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ether-soluble constituents by anhydrous ether In a Soxhlet extractor- A 
stock jar of ether is kept, in which the ether stands over sticks of sodium, and 
when using the ether it is filtered from any floating flakes of sodium hydroxide. 
Since many explosive constituents dissolve slowly in ether, as for example 
the highly-nitrated aromatic nitrocompounds, about 5 to 10 per eent of chem- 
ically pure acetone, redistilled in the laboratory, is added to the ether, which 
increases the solubility of the ether for such materials. 

This, however, should be avoided in the case of gelatinous nitroglycerine 
explosives containing nitrocellulose, because the ether containing acetone 
dissolves the nitrocellulose as well, which can cause a plugging of the pores 




Fig. 36. Soxhlet Extractor 

of the paper extraction thimble or in any case to a gelatinized extract which i3 
inconvenient in further work. It is best to leave the nitrocellulose in the 
insoluble residue. 

The Soxhlet apparatus consists of a distilling flask , attached tube with 
vapor pipe and syphon, and efficient condenser, all parts being joined by 
ground glass joints. Its construction is evident from fig. 36. The distilling 
flask rests in a moderately warm water bath r so that the ether boils quietly. 
A special extraction thimble 3 is placed in the attached lute, reaching to just 
below the opening of the syphon, and holding 30 to 60 grams of explosive 
(weighed to 0.01 gram accurately), depending upon the size of the apparatus. 



From Schleicher and Schtill, Diiren, 
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The flask is half filled with ether, which evaporates, drops back into the 
thimble from the condenser, and extracts the explosive- As soon as the dis- 
tillate reaches the height of the syphon tube the contents suddenly empty into 
the distilling flask. This operation is allowed to repeat itself until it can be 
assumed that the explosive is completely extracted, which usually requires 
four to six hours, but with blasting gelatine and gelatine dynamite longer. 
In the presence of substances which color ether, such as commercial nitro- 
compounds, complete absence of color of the ether in the upper tube indicates 
complete* extraction- 
After the ether has distilled into the upper tube and filled it, the connection 
is carefully broken and the ether collected in the upper tube is emptied through 
the syphon by inclining the former. The liquid extract is removed from the 
flask into a weighed disli, and the flask washed out two or three times with a 
little ether. The dish is allowed to stand in a warm place, at 40 to 45°C, until 
the odor of ether and perhaps acetone is completely gone and constant weight 
obtained. 

If it is a question of guhr dynamite, blasting gelatine or ordinary gelatine 
dynamite the ether extract usually contains only nitroglycerine. The evap- 
oration loss of the latter is very small and the result sufficiently accurate if the 
analysis is carefully made, contrary to the statements of CSuttmann. 

The use of chloroform as an extracting medium is possible, but on account 
of its high boiling point, 63°C., and the difficult removal from the extract, it 
is not recommended. On the other hand, as an incombustible material, di- 
chloroelhylene, with a boiling point of 55°C-, is recommended. The latter 
solvent mixes with nitroglycerine in all proportions and is a good solvent for 
aromatic nitrocompounds. 

If it is suspected that dinitrochlorohydrine or nitroglycol are present, the 
ether is allowed to evaporate at room temperatures and then the whole warmed 
gently for a short time. 

Nitrogen determination. The qualitative test of the extract has already 
been mentioned under Qualitative Tests. The possible presence of other 
nitric esters than nitroglycerine, such as dinitroglycerine, dinitrochloro- 
hydrine, nitropolyglycerines and nitroglycol, can be determined by treatment 
with water, getting the specific gravity, or determining the chlorine and nitro- 
gen by the nitrometer- The latter determination fails only with the nitro- 
glycol, which is too similar to nitroglycerine (18.42 versus 18.50 per cent 
nitrogen, respectively). In the case of mixtures of nitroglycerine and dinitro- 
glycerine, or nitroglycerine and dinitrochlorohydrine, as from non-freezing 
dynamites, a determination of the specific gravity by a pyknometer and a 
determination of nitrogen shows the proportions. 

In making the nitrogen determination of all nitric esters extracted by 
ether the behavior of the extract with concentrated sulphuric acid should 
first l>e carefully tested outside the nitrometer in order to prevent accidents 
from too sudden a heating and reaction within the bulb of the nitrometer. 
To do this a few drops of the extract on a watch glass are bought into contact 
with some concentrated sulphuric acid and carefully digested, by a glass rod 
or by shaking. If there is any obvious evolution of heat it is advisable to 
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first weigh out the quantity to be analyzed from a pipette into a small weighing 
bottle cooled by ice and containing some moderately concentrated sulphuric 
acid, and gradually add concentrated sulphuric acid until solution is obtained. 
The solution can then be safely introduced into the nitrometer and the weigh- 
ing bottle washed out quantitatively with small quantities of concentrated 
sulphuric acid. 

The ether extract can contain aromatic nitrocompounds, paraffine, resins 
and aromatic hydrocarbons such as naphthaline, in addition to nitric esters. 

Paraffine separates out as a solid. It can be pressed between filter papers 
and easily recognized by its external properties and melting point- If the 
whole extract is melted the paraffine can be separated in a separatory funnel 
and determined rather exactly. The resins can likewise be separated out and 
pressed dry. Aromatic hydrocarbons aud nitrocompounds often remain 
wholly or partly dissolved in the nitroglycerine. If little nitroglycerine and 
much nitrocompound is present, attempts can be made to isolate the nitro- 
compound by reerystallization from a suitable solvent and identify it by its 
melting point, or perhaps by a nitrogen determination on the crystals. 

Determination of the quantity of nitroglycerine present in a mixture of the 
latter with aromatic nitrocompounds by a nitrogen determination or evolution 
of NO in the nitrometer is possible only when it is a question of high-nitrated 
derivatives such as trinitrotoluene, dinitrotolucnc or dinitrobenzene, which 
at ordinary temperatures arc not nitrated further by the nitric acid split from 
the nitroglycerine by the sulphuric acid. 

If, for example, the semi-solid or partially crystalline extract consists only 
of trinitrotoluene and nitroglycerine, as is the case with Donarit containing 
12 per cent trinitrotoluene and 4 per cent nitroglycerine, or 3/1, a small quan- 
tity is melted in a hemispherical dish having a lip, after weighing on the 
analytical balance, the upper part of the nitrometer warmed by a hot, wet 
cloth, the quantity required for analysis dropped in, washed in with a little 
sulphuric acid, again weighed, and the analysis continued with certainty of 
accuracy. The difference is trinitrotoluene, which is not attacked by the 
mercury and sulphuric acid. The trinitrotoluene can be isolated from another 
portion of the extract by recrystaULsation from alcohol, and identified by its 
melting point, about 80 D C. 

On the other hand, if mononitrocompounds such as nitronaphthaline, 
nitrotoluene, or hydrocarbons such aB naphthaline, or substituted carbamids 
such as centralite (from smokeless powder) are present in addition to nitro- 
glycerine, the amount of nitroglycerine present cannot be determined by 
the nitrometer because the nitric acid set free by the sulphuric acid immedi- 
ately acts upon the above compounds and either nitrates them or nitrates them 
to higher states, so that too little nitroglycerine is found. 

In such a case separation is made by solvents. The extract is treated 
simultaneously with 65 per cent acetic acid and carbon disulphidc. The 
former dissolves nitroglycerine fairly readily, but not the aromatic nitro- 
compounds, which like naphthaline are easily dissolved by the carbon disul- 
phide, in which nitroglycerine is insoluble. The acetic acid solution is shaken 
several times with small quantities of carbon disulphidc to extract the nitro- 
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compounds carried along with it, while the carbon disulphide solution is 
treated several times with acetic acid. The nitroglycerine is then precipitated 
from the acetic acid solution by water, while the nitrocompounds are obtained 
by evaporating the carbon disulphide. 

This method gives only approximate results. Any camphor present in the 
nitroglycerine from blasting gelatine can also be dissolved in the carbon 
disulphide, but on account of its volatility it cannot be determined accurately. 

The residue from the ether extraction is dried at a moderate temperature in 
the extraction thimble, carefully removed by pincers, and weighed. It can 
contain kieselguhr (in the case of guhr dynamites), nitrocellulose, wood meal 
or other meals, coal and mineral oils both soluble and insoluble in water, it 
is treated with warm, distilled water, or in case potassium perchlorate is 
present, a correspondingly large quantity of hot water must be used, and 
separated from the insoluble constituents on a weighed filter plate. * The 
aqueous solution is made up to one liter, and in aliquot portions of the same the 
various components arc determined either directly or after separation, by 
well-known methods. 

The weighed, insoluble residue is shaken in a graduated cylinder with 
ether-alcohol or acetone to determine the collodion cotton, and after settling 
an aliquot portion is evaporated in a weighed dish. If it is suspected that 
gun cotton is present, as well as collodion cotton, the insoluble residue above 
is separated completely from the ether-alcohol by decantation, and the residue 
treated with ethyl acetate or acetone, and the gun cotton determined as under 
collodion cotton. 

After extracting several times with solvent and decanting, the residue is 
finally dried and weighed, then ignited to determine the amount of organic 
matter by difference, and the mineral matter in the ash, insoluble in water, 
such as calcium carbonate, barium sulphate, iron oxide, etc., determined 
by well-known chemical methods. 



* If aluminum is present together with ammonium nitrate, e.g., in Ammonal 
or Ammonit 5, warm water must be avoided and the ammonium nitrate quickly 
dissolved by cold water and the residue filtered off, or the warm ammonium 
nitrate solution will oxidize the fine aluminium powder on long contact with 
it, form aluminum oxide, and show a higher aluminum content than was pres- 
ent in the original sample. — Author* 
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Diphenylamine, 255 
Discovery, of nitroglycerine, 1 
Displacement process, 72 
Donarit, 423 
Dope, 324 
Drowning tank, 60 
Dualin, 282 

Dynamite glycerine, specifications 

for, 31 
Dynamite grisoutite, 399 
Dynamite, 8, 264, 324, 334 

No. 0, 283 

No. 1, 334, 349 

No. 2, 334 

No. 3 to 5, 334, 350 
Dynamites, powdery, 264 

Emergency signal, 63 

Emscher springs, 394 

Encrgit, 449 

Enneaheptite, 243 

Erythrite, 237 

Erythiite tetranitrate, 237 

Ether, as an extraction medium, 447 

Ethyl acetate, 10 

Ethyl nitrate, 206 

Ethylene, 212 

Direct nitration of, 220 
Ethylene chloride, 213 

Saponification to glycol, 213 
Ethylene glycol, Glycol 
Ethylene glycol dinitrate, see Nitro- 
glycol 

Ethylene oxide, nitration, 222 
Eutectic diagram, 362 
Eutectic mixtures, 362 
Explosion chamber, 389, 396 
Explosion pipette, 395 
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Explosion point, 315 
Explosives permissible in fire-damp, 
382 

Explosives permissible in coal dust, 

386, 395 
Extra dynamite, 11 
Extraction of nitroglycerine from 

smokeless powder, 446 
Exudation, 313 

Falling weight test, 141 

Fermentation glycerine, 31, 229 

Fermentol, 31 

Filter house, 80 

Filtration of nitroglycerine, 80 

Fire-damp commission, 13 

Flame duration, 385 

Flame length, 385 

Flame of explosion, 420 

Flame photographs, 420 

Flame temperature, 384 

Flammivore, 439 

Forcite, 329, 349 

Forcite antigrisouteuee, 400 

Fordit, 407 

Formaldehyde, condensation with 
nitromethane, 240 
Condensation with acetaldehyde, 
242 

Condensation with acetone, 243 
Formic acid, 242 

Fonnyldinitroglycerine, see Dinitro- 

fonnin 
Fractorit, 439 
Freezing properties, 16 
Frozen dynamite, 280 
Fuming -off method, 50 

Gamsit, 363 
GaseB of explosion, 320 
Gelatine-Astralit, 21, 377, 378 
Gelatine-Carbonit, 14, 407, 441 
Gelatine-Cheddite, 353 
Gelatine-Dahmenit, 418 
Gelatine dynamite, 11, 12, 349, 350, 
378 

Composition, 331 



Gelatine dynamite — continued. 
Dope, 329, 335 
Freezing properties, 343 
Ignition, 343 
Low-strength, 333 
Manufacture, 335, 338 
Preparation of small samples, 340 
Products of explosion, 348 
Propagation of detonation, 343 
Properties, 341 
Sensitiveness, 342 
Stability, 342 
Strength, 349 

Velocity of detonation, 345 

Gelatine-Leonit, 418 

Gelatine-Prosperit, 418 

Gclatine-Telait, 363 

Gelatine-Wetter-Astralit, 418 

Gelatinizing house, 298 

Gelatinizing power of collodion cot- 
ton, 121, 294 
Methods of improving, 295 

Gelignite II, 330 

Gesteina-Koronit, 428 

Giant Coal Mine Powder, 399 

Giant Low-flame Powder, 399 

Glucose-glycerine solutions, 256 

Glue-glycerine-gelatine, 351, 406 

Glycerine by fermentation, see Protol 
glycerine 

Glycerine, see Dynamite glycerine 

Glycerine, feeding in, 57 

Glycerine dinitrate, see Dinitrogly- 
cerine 

Glycerine mononitrate, see Mononi- 

troglycerine 
Glycerine-sugar solution, 250 
Glycol, 19, 212 

Manufacture from ethylene chlo- 
ride, 212 

Properties, 216 

Tests, 217 
Glycol dinitrate, see Nitroglycol 
Glycol Mononitrate, 227 
Glycol-sugar solution, 255 
Glyoxylin, 282 
Gotthard tunnels, 10 
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Grisou-dynamite couche, 432, 445 
Grisou-dynamite roehe, 403 
Grisou-naphthalite couche, 432 
Grisou-naphthalite roche, 433 
Grisoutines, 398, 399, 402 
Grifjoutites, 398, 399 
Grisoutolite couche, 433 
Guhr dynamite, 8, 9, 264 

As an explosive, 276 

Cartridging, 267 

Heat of explosion, 321 

Manufacture, 266 

Packing, 268 

Properties, 273 

Recovery of nitroglycerine from, 
275 

Stability, 275 
Gun cotton dynamites, 282 

Hercules powder, 284 
Historical, 2 

Hydrated explosives, 399 

Initiation, 142 
Interferometer, 395 
Isopropyl nitrate, 209 

KieBelguhr, 7, H, 264 
Kinetit, 353 
Kohlen-Albit, 428 
Kohlencarbonit, 401 
Kohlen-Koronit, 428 
Kohlen-Salit, 441 
Kohlen-Westfalit, 435 

Lactose-glycerine solutions, 256 
Lead block teat, see Trauzl block test 
Limit charges, of permissible explo- 
sives, 387 
Liquefaction test, 314 
Low-freezing blasting gelatine, 365 
Low-freezing nitroglycerine explo- 
sives, 356 
Lower glycerine nitrates, 161 

Magnesium sulphate, 399 

Mannate, 248 

Mannite hexanitrate, 247 



Meganit, 284 

Melan, 406 

Melling powder, 391 

Mercury, test for, in explosives, 290 

Mercury fulminate, 7 

Methane, 389 

Methyl alcohol, 10, 281 

Methyl glycol dinitrate, 236, 375 

Methyl nitrate, 203 

Military blasting gelatine, 310 

Mine gas, 394 

Analysis, 394 

Explosive limits, 383 

Supply, 394 
Minite, 400 
Mixed acid, 42 
Mixing house, 302 
Mixing machines, 299 
Monarkit, 444 
Monobel, 286, 427 
Monochlorohydrine, 181 
Monochlorohydrine dinitrate, see 

Dinitrochlorohydrine 
Monochlorohydrine mononitrate, 190 
Mononitroglycerine, 170 
Mononitroglycol, see Glycol mono- 
nitrate 

Mononitromonochlorohydrine, 190 

Neudynamit, 329 
Neu-Nobelit, 441, 444 
Nitrobenzene, ID, 353 
Nitrocotton, 11, 12 
Nitrodichlorohydrine, 191 
Nitroerythrite, 237 
Nitroethyl alcohol, 220 
Nitroethyl nitrate, 220 
Nitrogen determination, 123, 456 
Nitrohydrene, 251, 254 
Nitrating acids (Mixed acids), 42 

Analysis, 47 

Manufacture, 42 
Nitrating apparatus, 51 
Nitrating burette, 37 
Nitrating funnel, 34 
Nitrating temperature, 59 
Nitrating time, 60 
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Nitration reaction, 52 
Nitric acid, 40 

Nitroglycerine, discovery and his- 
tory, 1 

After-separation, 86 
As an explosive, 139 
Chemical properties, 121 
Chemical teBts, Z23 
Clarification of wash-water, 82 

Combined nitrating-separating pro- 
cess, 73 

Crystals formB, 116 
Detonation, 6, 139 
Explosive effect, 154 
Filtration, 80 
Freezing, 7 

Freezing and melting points, 110 
Heat of explosion, 148 
Labile and Btabile forms, 114 
Laboratory preparation, 27 
Method of formation, 25 
Nitration, 51 
Operating results, 95 
Physical properties, 108 
Physiological properties, 136 
Plant lay-out, 102 
Plant scale manufacture, 30 
Pressure of explosion, 150 
Products of explosion, 146 
Propagation of detonation, 144 
Purification, stabilization, 76 

Recovery of, from smokeless pow- 
der, 446 

Sensitiveness to detonation, 7, 142 
Separation, 66 

Solubility relations, 116 
Stability, 127 

Stability tests, 128 

Strength, 151 

Supercooling, 113 

Temperature of explosion, 150 
Test nitration, 33 

Velocity of detonation, 144 
Utilization of wash-water 83 
Volatility, 108 

Yield determination, 35 



Nitroglycerine smokeless powder as a 

blasting explosive, 446 
Nitroglycide, 175 
Nitroglycol, 19, 210 

As an explosive, 224 

Direct production from ethylene 
220 

In non-freezing explosives, 375, 379 
Manufacture, 212 
Properties, 223 

Similarity to nitroglycerine, 211 
Nitroglycol explosives, 379 

Nitroisobutylglycerine, 239 

Nitroisobutylglycerine trinitrate, 239 
Nitromannite, 247 

Nitrometer, Lunge, 47, 452 

Nitromethane, 240 

Nitropentaerythrite, 241 

Ab an explosive, 246 

Preparation, 244 

Properties, 244 

Stability of, 246 

Nitropolyglycerine, see Tetranitro- 
diglycerine 

Nitrosugar-nitroglycerine, 251, 254 
Nobelit, 14, 407, 416 

Non-freezing nitroglycerine explo- 
sives, 356 

Containing aromatic nitrocom- 
pounds, 358 

Containing butylene glycol dini- 
trate, 375 

Containing dinitroacetin, 374 

Containing dinitrochlorohydrine, 
369 

Containing dinitroformin, 374 
Containing dinitrogiycerine, 367 
Containing related nitric esters, 366 

Containing tetranitrodiglycerine, 

372 

Theoretical considerations, 356 

Oaklite, 402 
Oleum, 41 

Operating results, of nitroglycerine 
plants, 95 
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Overload relay, 304 
Oxalic acid, 197, 374 
Oxalates, 405 

Pannonit, 417 

Pentaerythrite, 242 

Pentaerythrite tetranitrate, see 

Nitropentaerythrite 
Perchlorate explosives, 431 
Perchloratit, 431 
Percussion caps, 6 
Perkoronit, 430 
PermiBBible explosives, 382 

Theory of, 383 

Methods of teBting, 387 

Permissible gelatine dynamites, 401 
Peraalit, 430 

Phoenix powder, 402 

Physical properties of nitroglycerine, 
108 

Physiological properties of nitrogly- 
cerine, 136 

Plant lay-out for nitroglycerine 
manufacture, 102 

Poisonous properties of nitroglycer- 
ine, 137 

Polyglycerine, see Diglyeerine 
Polyglycerine, nitrated, see Nitro- 

polyglycerine 
Polymerized glycerine, 199 
Pot nitration, 51 
Potassium chlorate, 353 
Potassium-iodide-starch paper, 128 
Potassium nitrate, 10 
Potassium perchlorate, 332 
Powdery dynamites, 264 
Pregelatinization, 298 
Propagation of detonation, blasting 

gelatine, 315 
Propagation of explosion of blasting 

gelatine, 315, 318 

of gelatine dynamite, 343 

Propellant powders, 12 

Propyl nitrate, 208 

Propylene glycol, 236 

Propylene glycol dinitrate, 236, 375 
Proaperit, 434 



Protol glycerine, 31, 229 
Purification, of nitroglycerine, 76 
Pyroglycerine, 1 
Pyrolit, 451 

Refractometer, 395 
Rex powder, 444 
Rhenanit, 426 
Rhexit, 284 
Rippite, 409 
Rivalite, 426 
Romperite, 426 
Russelite, 409 

Safety explosives (see Permissible Ex- 
plosives), 11, 387 
Safety Jelly Dynamite, 407 
Safety Nitro Powder, 284 
Safety precautions, 60 
Saxonite, 409 
Securophore, 400 

Semi-plastic ammonium nitrate per- 

missibles, 440 
Sensitiveness, of nitroglycerine, 142 
Separation, of nitroglycerine, 66 
Silesia explosives, 427 
Skimmer, 77 

SmokelesB powder, 62, 316 
Smokeless powder, semi-finished, as 

an explosive, 446, 450 
Sodium chlorate, 353 
Sodium sulphate, 398, 399 
Solubility relations of nitroglycerine, 

116 

Soxhlet apparatus, 454 
Spent acid extraction, 89 
Spent acid utilization, 93 
Stability tests, according to the Rail- 
way Regulations, 129, 134, 312 
Stabilization of nitroglycerine, 79 
Stommonal, 444 
Stonit, 284 

Straight dynamites, 283, 329 
Strength, of blasting gelatine, 321 
Stretching of gelatines, 333, 405, 406 
Substitute dynamite, 331, 333 
Subterranean construction, 107 
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Sugar-glycerine solutions, 250 
Sulphite-pitch syrup, 413 
Sulphuric acid, 42 
Supercooling, 113 
Super-Excellite, 439, 444 
Superite, 439 

Temperature of explosion, 321 
TeBt nitration, 33 
Testing galleries, 386 

In different countries, 396 
Tetrachloroethane, 213 
Tetranitrodiglycerine, 199 

In non-freezing explosives, 372 
Time of separation, and reduction 

thereof, 68 
Toxic properties of nitroglycerine, 
136 

Trauzl block, 9, 154, 321 
Tremonit, 418 
Trimethylene glycol, 229 

Behavior on nitration, 231 
Trimethyleneglycol dinitrate, 231 

As an explosive, 235 

Chemical stability, 235 

Nitration of mixtures of glycerine 
with, 234 

Properties, 234 

Properties of its spent acid, 232 
Tri-Westfalit, 449 

Underground construction, 107 
Use of nitroglycerine, 261 



Vegetable glue, 413 

Velocity of crystallization of nitro- 
glycerine, 113 
Velocity of detonation, of nitro- 
glycerine, 144 
Of blasting gelatine, 319 
Of gelatine dynamite, 345 
Viscosity of collodion cotton solu- 
tions, 294 
Vulcan powder, 284 

Wash-tank, 77 
Wash-water utilization, 83 
Wash-water, equipment, 82 
Wetter-Agesid, 414 
Wetter-AIbit, 428 
Wetter-Ammoncahucit, 438 
Wetter-Arit, 415 
Wetter-Astraht, 444 
Wetter-Carbonit, 414 
.Wetter-Dahmenit, 437, 439 
Wetter-Detonit, 436, 439 
Wetter-Donarit, 436, 439 
Wetter-Dynamit, 14, 398 
Wetter-Fdrdit, 437 
Wetter-Lignosit, 438 
Wetter-Markanit, 415 
Wetter-Nobelit, 414, 416 
Wetter-Sonit, 437, 439 
Wetter-Wasagit, 415 
Wetter-Westfalit, 437, 438 

Yield, determination of nitroglycer- 
ine, 34 



